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( i )
P R E F A C E
This th esis  contains the resu lts  of work carried out in  the 
Department of Natural Philosophy of the Iftiiversity of Glasgow 
during the three academic sessions from October, 1951, u n til  
October, 1954* The f ie ld  of research was proposed by 
Dr. 8 .0 . Curran, F .R .S. and i t  was carried through under his general 
supervision. I t  consisted of an in vestiga tion  of the rad io-active  
properties of some naturally occurring iso top es, lying in  the lower 
part of the periodic c la s s if ic a t io n  of the elements. The isotopes  
chosen for study were suspected to  be rad io-active eith er from nuclear 
s ta b il ity  rules or from information from ea r lier  reports.
The introductory chapter of the th e s is  se ts  out the peculiar  
p osition  occupied by these long-lived  nuclei in  nuclear theory and in  
certain  branches of geology. The slow rates of d isin tegration  of the 
isotopes pose d if f ic u lt  problems in  measuring techniques.
The development of su itab le apparatus capable of giving the accuracy 
required in  the work i s  described in  the second chapter.
This development was already under way when the author began h is period
of research and he a ssisted  Mr. D. Dixon in  the construction and
testin g  of the counter and associated e le c tr ic a l equipment. No claim  
of o r ig in a lity  i s  made by the author for the apparatus described in  
Chapter 2 apart from the design of the improved type of counter.
For th is  reason the description  of the apparatus i s  b r ie f and only
included for completeness. S im ilarly , no account has been taken of 
the electron ic c ircu itry , so necessary an adjunct to  proportional
( i l )
counters, since the designs were borrowed from units which had 
already proved th e ir  worth in  proportional counter spectrometry.
The next three chapters describe separate studies of the  
properties of particu lar iso top es. This work was done in  
collaboration with Mr. Dixon. The re su lts  of the in v estig a tio n s, 
published at various times during the period of research, have been 
brought up to  date by the author for the purposes of th is  th e s is .
Often they incorporate new information, both from outside sources and 
from la ter  work done by the author. Because of th is ,  many of the 
conclusions reached and suggestions made for improvement in  experi­
mental technique are the author *s own. Where p ossib le , th ese new 
conclusions are sp e c if ic a lly  pointed out in  the te x t . A few of the 
preliminary measurements, with s c in t i l la t io n  counters, of the energies 
of the gamma rays emitted in  the decay of Lutetium-176 (described in  
Chapter 5) were made with the assistance o f Mr. (now D r.) A.T.G.Fergus on.
Chapters 6 and 7 describe orig in a l work of the author in  which 
he was assisted  in  the experimental work by Mr. R.N. Glover.
The in vestigation  of the decay of Potassium-4 0 , an important natural 
rad io-isotope, was undertaken follow ing the suggestion made by S ir  
Edward C. Bullard to  Dr. Curran that a re-evaluation of the branching 
r a tio  was extremely desirable to  help in  se tt lin g  discrepancies in  the 
geo log ica l dating of potassium-bearing minerals. The experience of 
Dr. H.W. Wilson was availab le to  the author in  th is  in v estig a tio n .
The f in a l  chapter, contains a general summing-up of the work and 
some comments on what the author fe e ls  are the important points l e f t
( i l l )
unsolved.
Each isotope or group of isotopes pose problems peculiar to  
them selves, and the previous knowledge about the behaviour of the 
isotop es varies considerably. Because of th is ,  each chapter i s  
almost complete in  i t s e l f  and for ease in  making reference to  the 
work of others, l i s t s  of references quoted in  each chapter are 
given separately at the end of the book.
(iv)
A C K N O W L E D G E M E N T S .
The author would lik e  to  take th is  opportunity to  thank 
Professor P .I .  Dee, F .R .S ., for h is in tere st  and
encouragement and a lso  Dr. S.C. Curran, F .R .S ., for much h elp fu l 
comment and discussion throughout the course of th is  work.
Thanks are a lso  due to  Mr. J .T . Lloyd for assistance and 
advice in  the manufacture of some of the apparatus, and to  the 
s ta f f  of the electron ics laboratory and mechanical workshop for  
sim ilar serv ices.
The author i s  indebted to  the Department of S c ie n t if ic  and 
In d u stria l Research for a fin a n c ia l grant, without which th is  work 
could not have been undertaken.
(v)
A B S T R A C T
A description  i s  given of a low background proportional 
counter system su itab le for the examination of lon g-lived  radio­
active isotopes occurring in  nature, or of other a r t i f ic ia l ly  
produced isotopes with a low sp ec ific  d isin tegration  ra te .
An in vestiga tion  of neodymium shows no evidence for the 
reported b eta -a c tiv ity  and i t  i s  concluded that Nd^^  ^ i s  stab le against 
sin g le  beta decay. A s lig h t  a lp h a-activ ity , which may be charact­
e r is t ic  of Nd^^ i s  observed.
No experimental proof of in s ta b il ity  in  eith er of the
IS7 187'neighbouring' isobars Re and Os i s  found. Since recent
187geophysical work suggests that Re i s  b eta -active , i t  i s  concluded 
from the resu lts  of the study that the energy of the electrons  
released in  the tra n sitio n  i s  very sm all, of the order of 1 Kev or 
le s s .  Assuming a first-forb id d en  tra n sitio n  th is  suggests that the 
h a lf - l i f e  of Re^^ i s  10^  ^ years or greater.
The emission of a low in ten s ity  L x-radiation  from heavy 
elements, under bombardment by cosmic or other background radiation , 
i s  n oticed . The e f fe c ts  on the ultim ate se n s it iv ity  of the 
proportional counter and some methods of m itigating the interference  
are considered.
The rad ie-active tran sition s undergone by Lu^ *^  ^ are studied in  
d e ta il . The beta decay i s  found to  have a h a l f - l i f e  of
(vi)
(4-.13 + 0.20) X 10 years and seems most lik e ly  to  correspond to
a third-forbidden tra n sitio n  with a spin change of 4 u n its .
The maximum energy of the beta spectrum i s  4^5 + 15 Kev.
1V6The energies of the three excited sta te s  o f Hf , occupied in
succession by the decaying nucleus, confirm predictions from the
B ohr-Mot t  e Is on rotation al model of the nucleus. Strong electron
peaks from the in tern al conversion of the 89 Kev gamma ray of Hf^^^
and in tern al conversion electrons from I90 + 10 Kev and 310 + 10 Kev
gamma rays permit c la s s if ic a t io n  of the tran sition s as E.Q.
The in ten sity  of the L x-ray emission from Lutetium i s  consistent
with the presence of an electron  capture mode of decay, amounting to
(9 + 1) % of the beta tra n sitio n s . Some evidence for the emission
176of gamma rays following electron capture in  Lu i s  demonstrated.
The ra tio  of the rates of emission of gamma rays and beta rays 
from K^  ^ i s  re-measured. Two separate in vestiga tion s give values of
0 .124  + 0.002 and 0.121 + O.OO4  re sp ectiv e ly , confirming the 
discrepancy between recent physical and geo log ica l work on the K^  ^
rad io-active tra n sitio n . The h a l f - l i f e  of the isotope i s  estimated 
to  be (K 8 + 0 . 02) X 10^ years. The energy of the gamma ray i s  
confirmed to  be I .4 6  + 0.01 Kev. New coincidence experiments to  
check the accepted decay scheme of K^  ^ are described.
Experiments to  determine the amount of backscattering of 
electrons and positrons from thick sheets of s t e e l  and a l uminium in to  
2 k  so lid  angle are a lso  treated .
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1 . THE N atu ra l radio-.^CTIVE ELEMeNTS Tim' mTdTJR&R PHYSICS 
i-AU oeOLOGY.
T h is  t h e s i s  d e s c r i b e s  and i n t e r p r e t s  some new 
i n v e s t i g a t i o n s  o f  a  number o f  n a t u r a l l y  o c c u r r in g  r a d i o ­
a c t i v e  e lem en ts .  The work was a c o n t r i b u t i o n  to  a g e n e r a l  
s tu d y ,  whicn i s  being made a t  Glasgow, of  th e  r a d i o - a c t i v e  
p r o p e r t i e s  o f  th o s e  n a t u r a l  r a d io - e l e m e n t s  w i th  a tom ic  
number l e s s  th a n  8o. I n t e r e s t  in  t h e s e  e lem en ts  has  been 
growing in  r e c e n t  y e a r s ,  no t  o n ly  because  o f  t h e i r  
s i g n i f i c a n c e  f o r  fundam en ta l  n u c l e a r  t h e o r y ,  but a l s o  f o r  
t h e i r  i n c r e a s i n g  im portance  in  g e o p h y s i c a l  work.
THE mTUTalL RaDIO-mlEMENTS.
The p ro c es s  o f  b e ta -d e c a y  in v o lv e s  a n u c l e a r  
t r a n s f o r m a t io n  between two 'n e ig hb o u r ing *  i s o b a r s .  A 
c o n s i d e r a t i o n  o f  th e  energy  r e l e a s e d  in  t h e  b e ta  t r a n s i t i o n  
l e d  M attauch  (1) to  fo rm u la te  h i s  ' i s o o a r  r u l e ' .  T h is  
shows t h a t  where two n e ig h b o u r in g  i s o b a r s  a i ‘e known to  
e x i s t  i n  n a t u r e ,  one o f  the  p a i r  must be u n s t a b l e  w i th  
r e s p e c t  to  th e  o t h e r .  There a re  f o u r  known exainples o f  
t h r e e  n e ig h b o u r in g  i s o b a r s  o c c u r r in g  n a t u r a l l y .  Tnese 
i s o b a r i c  t r i p l e t s  a r e  found
a t  A r 40 , K , Ca (E r 1 8 , 1 9 , 20)
a t r 50 Ti ) V , Cr ■ 22, 2 3 , 24)
a t  i\ = 138 3a , La , Ce (L = 56, 57, 58)
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^  = 176 Yb , Lu , Hf (L z 7 0 , 7 1 , 7 2 )
Thei'e a r e  a l s o  a few ca ses  i .here  p a i r s  o f  a d j a c e n t  i s o b a r s  
e x i s t ,  as .
a t A - 87 Rb , Sr , (2 = 3 7 , 3 8 )
a t A r  113 Cd , In (2  = 48 , 49)
a t A r  115 In  , Sn (2 r 4 9 , 50)
a t A = 123 bb , Te (2  = 5 1 , 52)
a t A = 187 Re , Os (2 r 75, 76)
By l l a t t a u c h ' s  l u l e ,  a t  l e a s t  one o f  each of th e  f i r s t  g ro up
and one o f  each of th e  secoi.a g roup  o f  n u c l e i  must be4U 176u n s t a b l e .  In  tn e  f i r s t  g roup  K and Lu a r e  known t o  be
u n s t a b l e  ana  a r e  d i s c u s s e d  l a t e r .  R a d i o - a c t i v i t y  has been13S
found i n  La (2-4)  but none has  y e t  been d e t e c t e d  in  t h e
87A r  50 g ro up  (5 “7)» In  th e  second, g roup  o f  n u c l e i  Rb i s  known 
( 0- I 3 ) to  decay by n e g a t ro n  em iss ion  t o  Sr , the  t r a n s i t i o n  
go in g  from ground s t a t e  to  ground s t a t e  w i th  a s p in  chaiige
113o f  3 u n i t s  and p a r i t y  chaiige. In  has  been r e p o r t e d  r a d io  
a c t i v e  by one e x p e r im e n te r  (14) b u t  t h i s  has been d e n ied  by 
a n o th e r  ( 7 ) .  A phenomenon observed  in  the  p r e s e n t  work/i
113su g g e s t s  t h a t  the  ev idence  fo r  th e  insta l :  i l i t y  o f  In  m ight  
have been caused  by o th e r  f a c t o r s .  This p o i n t  i s  d i s c u s s e d
113in  C h ap te r  4. No a c t i v i t y  huc been d e t e c t e d  in  Cd (15) hor
115in  th e  A = I 23 g roup  (15 ,  7)* has  been r e p o r t e d  (14 ,  lo )
to  shov/ n e g a t r o n  a c t i v i t y  w i tn  a long h a l f - l i f e .  The f i n a l187 187g ro u p ,  Re and Cs i s  th e  s u o j e c t  of e x p e r im e n ta l  work
which i s  d e s c r i b e e  in  C hap te r  4 ,  and th e  whole q u e s t io n  o f  
th e  mode o f  decay i s  d i s c u s s e d  t h e r e .
150The p o s s i b l e  b e t a - a c t i v i t y  o f  Kd which has been 
r e p o r t e d  ( 1 7 ) r a i s e s  th e  q u e s t io n  of  t h e  o ccu rrence  in  n a t u r e  
o f  an i s o t o p e  o f  the 'm i s s i n g '  e lem en t ,  promethium.
Neodyiaium has a l s o  been i n v e s t i g a t e d  in  t h i s  work ana i s  
t r e a t e d  in  a more ad eq u a te  manner in  Chapter  3 .
THE FÜIvDAMeNTàLS OF BETA-RADIOACTIVITY.
F o llow ing  on the  i n t r o d u c t i o n  of  the  n e u t r i n o  h y p o th e s i s  
by P a u l i  t o  e x p l a i n  a p p a re n t  i n c o n s i s t e n c i e s  in  th e  
momentum and energy r e l a t i o n s  of t h e  p a r t i c l e s  in v o lv ed  
in  t h e  o e t a  t r a n s f o r m a t i o n ,  Fermi ( I 8 ) fo rm u la te d  h i s  
t h e o r y  o f  b e ta  decay .  The n u c le u s  i s  t r e a t e d  as  a co m po s i t ion  
o f  n e u t ro n s  and  p ro to n s  o n ly ,  and th e  e l e c t r o n  and n e u t r i n o  
which a r e  e m i t t e d  dui*ing th e  t r a n s f o r m a t i o n  a r e  presumed to be 
c r e a t e d  a t  t h e  moment of  e m is s io n ,  in  a manner arialogous 
to  th e  c r e a t i o n  o f  a pho ton  a t  th e  moment o f  i t s  em iss io n  
from an atom. By in t r o d u c in g  a new i n t e r a c t i o n  between 
th e  n u c le o n  and the  two l i g h t  p a r t i c l e s  ( t h e  e l e c t r o n  and 
n e u t r i n o )  t a k i n g  p a r t  in  a b e t a  t r a n s i t i o n  Fermi was a b le  
to  c a l c u l a t e  t h e  p r o b a b i l i t y  o f  t h e  p r o c e s s .  F ive 
i n t e r a c t i o n s  a r e  p o s s i b l e ,  s c a l a r  ( s ) , p o l a r  v e c t o r  ( v ) ,  
t e n s o r  (T) , a x i a l  v e c to r  (A) and p s e u d o s c a la r  (P ) .  Any one, 
or l i n e a r  com bina t ions  o f  any o r  a l l  o f  t h e s e  i n t e r a c t i o n s
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s a t i s f y  the  t h e o r e t i c a l  c o n d i t i o n s ,  so t h a t  F e i m i ' s  
m a th e m a t ic a l  f o r m u la t io n  i s  n o t  co m ple te ly  u n iqu e .  Any 
f u r t h e r  narrow ing  o f  th e  choice o f  i n t e r a c t i o n s  i s  beyond 
th e  scope o f  pu re  b e ta  decay th e o r y ,  ana t h e  main e f f o r t  
o f  r e c e n t  e x p e r im e n ta l  work has been aiiced a t  d e c id in g  
v;hich com bina t ions  o f  i n t e r a c t i o n  do, in  f a c t ,  occu r .
The p r o b a b i l i t y  r  (w) o f  a b e t a  p a r t i c l e ,  v j i th  ene rgy
between N and w+d^, being e m i t te d  i s  o f  the  form2 2 2 2 ^  
rCw)dV, = G |M| F (  . , « ) . ( «  -W) (W - 1 ) Udii
where i s  th e  maximum energy o f  the e l e c t r o n s  which
can be e m i t te d  in  any t r a n s i t i o n .  Both w and in c lu d e
th e  r e s t  energy  o f  th e  e l e c t r o n  and a r e  e x p re s s e d  in
u n i t s  o f  m^c^. The f a c t o r  i& p u r e ly
s t a t i s t i c a l ,  w h i le  F(Z,w) i s  the  Fermi f u n c t i o n  c o r r e c t i r g
f o r  th e  e f f e c t  o f  t h e  n u c l e a r  Coulomb f i e l d  on t h e  energy
o f  th e  e m i t te d  p a r t i c l e s .  The q u a n t i t y  in c lu d e s  a
f a c t o r  r e ^ r e s e n c i n g  the  s t r e n g t h  o f  the c o u p l in g  g iv in g
r i s e  t o  th e  t r a n s i t i o n ,  ana  i s  r e g a r d e d  as a c o n s t a n t  or
n e a r l y  so .  M rep i*esen ts  a  nucleai» m a t r i x  e lement
i n v o lv in g  th e  w a v e - fu n c t io n  o f  th e  i n i t i a l  and f i n a l
n u c l e a r  s t a t e s  and an o p e r a to r  which p roduces  t h e
t r a n s f o r m a t i o n  from one s t a t e  to th e  o t h e r .  The ty p e  of
o p e r a t o r  depends on th e  p a r t i c u l a r  form o f  th e  i n t e r a c t i o n .
The am b ig u i ty  i s  t h e r e f o r e  in t ro d u c e d  i n t o  th e  e x p r e s s io n
Z22 .
2 2 
by th e  f a c t o r  |m| . I f  th e  form o f  |m| i s  knovm, then  th e
ene rg y  spectrum  of th e  b e ta  r a y s  i s  u n iq u e ly  d e f in e d  by th e
above e q u a t io n .
THE ALLOWED TibUvSITIONS.
T r a n s i t i o n s  between the  i n i t i a l  and f i n a l  s t a t e s  
o f  a decayiiig n u c le u s  a r e  d e f in e d  by th e  change in  s p in  
and p a r i t y  wnich t a k e s  p l a c e .  For  c e r t a i n  t r a n s i t i o n s  
th e  n u c l e a r  m a t r i x  e lem ents  become independen t  o f  energy  
ana tn e  shape o f  th e  b e t a  spec trum  o f  such ' a l lo w e d '  
t r a n s i t i o n s  i s  c o n t r o l l e d  m a in ly  by tne s t a t i s t i c a l  f a c t o r s .  
These a l low ed  t r a n s i t i o n s  a r e  d e f in e d  by s p e c i a l  
' s e l e c t i o n  i t i l e s '  which v a r y ,  depending on which form o f  
i n t e r a c t i o n  i s  assumed. The a l low ed  s e l e c t i o n  r u l e s  a r e : -
(a )  f o r  S i n t e r a c t i o n , A I  = C, no ( i . e .  no change in  p a r i t y )(b) f o r  V i n t e r a c t i o n ,  A I  -  0 , no(c)  f o r  T I n t e r a c t i o n ,  A I  « 0, 1 ,  no (0->0 f o rb id d e n )(d) f o r  A i n t e r a c t i o n ,  A I  = 0 ,  1 ,  no (0 -^0  fo rb id d e n )(e)  f o r  P i n t e r a c t i o n ,  A I = 0 ,  y e s .
The r u l e s  (a )  and (b) were fav o u red  by F e m i  in  h i s  o r i g i n a l  
p r e s e n t a t i o n  o f  the t h e o ry .  The r u l e s  (c) and (d) were 
i n t r o d u c e d  by Gamow and T e l l e r  ( 1 9 ) ,  ana a r e  known a s  the  
G-T s e l e c t i o n  r u l e s .
S ince  th e  n u c l e a r  m a t r i x  e lem en ts  a r e  e n e r g y - i n v a r i a n t
in  a l lo w ed  t r a n s i t i o n s  m e  shape o f  th e  a l lo w ed  s p e c t r a
-6 -
can g iv e  no d i r e c t  i n fo rm a t io n  abo u t  t h e  form o f  th e  
i n t e r a c t i o n  g e n e r a t i n g  th e  decay ,  a l th o u g h  F i e r z  (20) has 
p o in t e d  out t i i a t  th e  ’ s t a t i s t i c a l '  shape o f  a l lo w ed  b e t a -  
s p e c t r a  may be m o d if ied  i f  b o th  S and V or i f  both T and A 
i n t e r a c t i o n s  a r e  p r e s e n t ,  s i n c e  the  allovi/ed r a d i a t i o n s  
t h e y  g e n e r a t e  can i n t e r f e r e  w i t h  each o t h e r .
FOaaiDDEN -ETA TruU>'bITIONS.
In  some t r a n s i t i o n s  which a r e  e n e r g e t i c a l l y  p o s s i b l e , 
th e  s e l e c t i o n  r u l e s  f o r  a l lov /ed  b e ta  decay  do no t  h o ld ,  As 
i s  to be exp ec ted  in  quantum t h e o r y ,  such t r a n s i t i o n s  can 
o c c u r ,  bu t  w i th  a much reduced  p r o b a b i l i t y .  The m a t r i x  
e lem ent  d e f in e d  by th e  f i r s t  o rd e r  fo rb id d e n  s e l e c t i o n  
r u l e s  i s  ex p ec ted  to be a f a c t o r  o f  10 l e s s  th a n  th e  m a t r ix  
e lem ent  fo r  a l low ed  t r a n s i t i o n s , so t h a t  t h e  decay 
p r o b a b i l i t y  i s  d e p re s s e d  by a f a c t o r  o f  abo u t  10 .
More im p o r ta n t ,  tn e  new m a t r ix  e lem en ts  have a d e f i n i t e  
dependence on ohe energy  of  tn e  e m i t te d  e l e c t r o n s .  The 
e x a c t  form o f  tiie energy dependence i s  a  f u n c t i o n  of the  
t y p e  o f  i n t e r a c t i o n  which i s  assumed. I f  n e i t h e i '  a l lowed 
n o r  f i r s t  f o rb id d e n  s e l e c t i o n  r u l e s  a r e  obeyed, m a t r ix  
e lem en ts  and s e l e c t i o n  r u l e s  c h a r a c t e r i s t i c  of second,  t h i r d  
and h i g h e r  o rd e r  f o r  b idden t r a n s i t i o n s  may be obti^ined. The 
m a t r i x  e lem ents  o f  a l l - o r d e r  fo rb id d e n  t r a n s i t i o n s  a r e
-y -
e x p e c te d  to vary  w i th  energy in  a manner depending 
on t h e  s p e c i f i c  form o f  i n t e r a c t i o n  o c c u r r in g  in  the  
b e t a  p r o c e s s ,  and a l so  to  show a p r o g r e s s iv e  d e c re a s e  
i n  i n t e n s i t y  as  t h e  o rd e r  of f o rb id d e n n e s s  i n c r e a s e s .
S ince  th e  m a t r i x  element now depends on th e  typ e  o f  
i n t e r a c t i o n ,  th e  shape of tne  b e t a  s p e c t r a  o f  fo rb id d e n  
decays  w i l l  a l s o  depend on which  i n t e r a c t i o n  g e n e r a t e s  t h e  
t r a n s i t i o n .  E x p e r im en ta l  and t n e o r e t i c a l  i n v e s t i g a t i o n  
o f  t h e  shapes o f  fo rb id d e n  s p e c t r a  may t h e r e f o r e  
e l u c i d a t e  th e  i n t e r a c t i o n  or com bina t ion  o f  i n t e r a c t i o n s  
w hich  g e n e r a t e  b e t a  r a d i o - a c t i v i t y .
U n f o r tu n a t e l y ,  in  many c a s e s ,  t h e o r e t i c a l  
C a l c u l a t i o n s  do n o t  p r e d i c t  un ique  spectrum  shapes  and the 
r e s u l t s  f o r  - s e v e r a l  combiiicvtions o f  i n t e r a c t i o n s  mc.y be 
a d j u s t e d  t o  f i t  ex p e r i ia e n ta l  ^ j^ectra .  _ o nai'row tn e  ch o ic e  
i t  i s  im p o r ta n t  to  o b t a i n  as much e m p i r i c a l  in fo rm a t io n  
a b o u t  t h e  s p e c t r a  o f  fo rb id d e n  t r a n s i t i o n s  as  p o s s i b l e .
T h is  i s  where a s y s t e m a t i c  s tud y  o f  t h e  n a t u r a l l y  o c c u r r in g  
r a d i o - a c t i v e  e lem en ts  becomes o f  im p o r tan ce ,  because most 
o f  the  n a t u r a l  b e t a - a c t i v e  n u c l e i  o u t s i d e  th e  u ra n iu m - le a d  
s e c t i o n  o f  the  p e r i o d i c  t a b l e  a r e  ex p ec ted  to  undergo h i g h l y  
f o r  b idden t r a n s i t i o n s .  Even when th e  s p in  change which 
occurs  in  a n a t u r a l  t r a n s i t i o n  i s  unknown, i t  i s  a lm ost  
n e c e s s a r y  to assume a h ig h ly  fo rb id d e n  decay to  e x p la in  the  
p e r s i s t e n c e  o f  t h e  u n s t a b l e  n u c leu s  in  n a t u r e  to the
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p r e s e n t  day .  I t  i s ,  o f  c o u r s e ,  p o s s i b l e  t h a t  th e  energy 
a v a i l a b l e  f o r  a c e r t a i n  b e t a  t r a n s i t i o n  may be so sm a l l  
t h a t  th e  d i s i n t e g r a t i o n  r a t e  i s  d e p re s s e d  s u f f i c i e n t l y  to  
e x p l a i n  the  s u r v i v a l  o f  d e t e c t a b l e  amounts of  th e  i s o t o p e ,  
w i th o u t  r e q u i r i n g  a h igh  s p in  change to  slow t h e  t r a n s i t i o n .  
I t  now seems t h a t  t h i s  may be t r u e  f o r  rhenium -  187 ( s ee  
C h ap te r  4) b u t , in  g e n e r a l ,  a s tu a y  o f  the  b e t a  a c t i v i t y  
of  th e  n a t u r a l  r a d io - e l e m e n t s  im p l i e s  th e  s tu d y  o f  h ig h ly  
foroicLden t r a n s i t i o n s .
THEORY Al'iD EJO-ERIMEl^T B" BETA DECAY.
A s y s te m a t i c  i n t e r p r e t a t i o n  of th e  e x p e r im e n ta l  
f i n d i n g s  i n  terms o f  b e t a  decay th e o r y  was hcjnpered by th e  
l a c k  o f  a su i tc .b le  n u c le a r  moael c a p a b le  o f  p ro v id in g  
i n f o r m a t io n  about  th e  s p in  and p a r i t y  changes in v o lv e d  in  
the  t r a n s i t i o n s .  The i n t r o d u c t i o n ,  in  1949, by liayer (21 ,22 )  
and, i n d e p e n d e n t ly ,  by H axe l ,  J e n se n  and Suess (2 3 ,24) 
o f  t h e  h i g h l y  s u c c e s s f u l  s p i n - o r b i t  i n t e r a c t i o n  th e o ry  
o f  n u c l e a r  s h a l l  s t r u c t u r e ,  based  on a h y p o t h e t i c a l  p i c t u r e  
of th e  nucreus  as  an ag g lo m era t io n  o f  n o n - i n t e r a c t i n g  
p c . r t i c l e s  in  a p o t e n t i a l  w e l l ,  changed t h e  s i t u a t i o n .  By 
19 5 2 , ..u ( 2 5 ) was a b l e  to show t h a t  t i .e  shapes  o f  th e  a l lo w ed  
s p e c t r a  a rg u ea  a g a i n s t  any ^ p p r e c i a o l e  F i e r z  i n t e r f e r e n c e  
e f f e c t s ,  and t h a t  booh Fermi and G-T i n t e r a c t i o n s  were
n e c e s s a r y  to e x p l a i n  the  e x p e r im e n ta l  r e s u l t s .  This  means 
t h a t  e i t h e r  S o r  V w i th  e i t h e r  T or  A i n t e r a c t i o n s  g e n e r a t e  
b e ta  t r a n s i t i o n s ,  w i th  th e  p re se n ce  or absence  of r  i n t e r a c t i o n  
n o t  p roved .
At t h i s  t im e  tne  on ly  t h i i ' a - f o r b i d d e n  b e ta  decays t h a t4& 87had been i n v e s t i g a t e d  f o r  spectrum ohape were K and Hb ,170au.though th e  ' co m p ara t ive  h a l f - l i f e ’ or f t  v a lu e s  o f  Lu ,
187 15cRe and p o s s i o l y  a lso  Nd (12) s u g g e s te d  t h a t  t h e s e  n u c l e i ,40t o o , m ignt undergo t h i r d  fo rb id d e n  t r a n s i t i o n s ,  K in  i t s  
40decay to  Ga s u f f e r s  a  s p in  change o f  4 u n i t s  an d ,  a c c o r in g
to  the  s h e l l  model,  a  change of p a r i t y .  I t  i s  t h e r e f o r e  a
p a r i t y  f a v o u re d  t r a n s i t i o n ,  t h i r d  f o r b id d e n  on ly  on G-T
s e l e c t i o n  r u l e s ,  and has  been shown ( 26- 29) to  y i e l d  th e
spec trum  shape p r e d i c t e d  f o r  such t r a n s i t i o n s .  The decay 40
o f  K t h e r e f o r e  g i v e s  s t ro n g  s u p p o r t  to  th e  n e c e s s a r y  
p re se n c e  o f  G-T i n t e r a c t i o n s  (T or A) out th e  s e l e c t i o n  r u l e s  
obeyed oy th e  t r a n s i t i o n  so reau ce  th e  p r o b a b i l i t y  o f  any 
c o n t r i b u t i o n  from S, V or  1 i n t e r a c t i o n s  t h a t  no t i l ing  can 
be Said ab o u t  t h e i r  p re se n c e .
87On t h e  o t h e r  hand,  the  Rb decay  co r re sp o n d s  to  a t h i r d  
fo rb id d e n  b e t a  decay w i th  a s p in  change o f  3 u n i t s  and p a r i t y  
change. T h is  ty p e  of t r a n s i t i o n  i s  t h i r d  fo ro id d e n  on 
bo th  Fsrmi and o-T s e l e c t i o n  r u i e s .  The o b serv ed  shape of 
th e  b e t a  spec trum  ( 1 2 , I 3 ) can be e x p la in e d  by t h i r d  fo r b id d e n
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t e n s o r  or p o l a r  v e c t o r  i n t e r a c t i o n ,  bu t  by no o t h e r  ( 3 0 ) .
This  decay t h e r e f o r e  s u g g e s t s  the  p re se n c e  o f  e i t h e r  o r  
bo th  o f  T and V i n t e r a c t i o n s .
In  c o n c lu s io n ,  i t  may be s t a t e d  t r i a t  th e  l a t e s t  ev idence  
a t  t h e  time o f  w r i t i n g  seems to  r e q u i r e  a  l i n e a r  com binat ion  
o f  s c a l a r  and t e n s o r  i n t e r a c t i o n s  to  g e n e r a t e  b e t a  
t r a n s i t i o n s  (31)•  The ev idence  s u g g e s t s  t h a t  each 
i n t e r a c t i o n  c o n t r i b u t e s  abou t  e q u a l ly  to  t r a n s i t i o n s  which 
can be g e n e r a t e d  by oo th .
THE RADIOELnLIELTTS II- GnOLOGY.
U n t i l  r e c e n t  y e a r s  th e  d e t e i m i n a t i o n  o f  th e  age o f  
m i n e r a l  d e p o s i t s  by r a d i o - a c t i v e  means depended on methods 
based  on the  uran ium  and tho r ium  s e r i e s  o f  n a t u r a l  r a d i o ­
e lem en ts .  F a i r l y  s u c c e s s f u l  e x t e n s io n s  o f  the t e c h n iq u e s  
have now oeen mace to  in c lu d e  th e  use o f  o th e r  n a t u r a l
r a d i o - a c t i v e  e lem en ts .  Of tne n a t u r a l  r a d i o - n u c i i d e s  l i s t e d40 87 133a t  th e  Deginning o f  t h i s  c h a p te r ,  f i v e ,  K , Rb , La ,176 187Lu and Re have a t  v a r io u s  t im es  been c o n s id e r e d40 87as p o s s i b l e  d a t in g  e le m e n ts .  K and Rb have r e c e i v e d  
most a t t e n t i o n ,  and t h e  wide t e r r e s t r i a l  d i s t r i b u t i o n  o f  
p o tass ium  m in e r a l s  in  p a r t i c u l a r  w i l l  p e rm i t  f u t u r e  age 
d e t e r m in a t io n s  to  be made, over a  much g r e a t e r  v a r i e t y  of 
d e p o s i t s  than  has been p o s s i b l e  in  t h e  p a s t .
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138The decay o f  La i s  now c o n s id e r e d  to  be too slow fo r  
the  e lem ent  to  be u s e f u l  g e o l o g i c a l l y ,  a f t e r  th e  f a i l u t e  o f
138attem^X by S a i to  e t  a l .  (32) to  d e t e c t  excess  Ba in  o ld176
rar-e e a r t h  m in e r a l s .  Lu i s  c o n s id e r e d  by Arnold (33) to  
have a s h o r t  enough h a l f - l i f e  to  be o f  p o s s i b l e  u s e ,  e s p e c i a l l y
176as tn e  d a u g h te r  n u c l i a e  Hf has a lov/ r e l a t i v e  i s o t o p i c  
abundance. The r e c e n t  d i s c o v e r y  by H in te n b e rg e r  e t  a l .  (34)
187of  r a d io g e n ic  Os in  rhen ium -bearir jg  m o ly o d en i te  opens the
187wa /^ to  tn e  use  o f  tn e  Re r a a i o - a c t i v e  t r a n s i t i o n  in  
g e o l o g i c a l  work.
87wîETKOLiû BASaJJ OH Rb .
The e a r l i e r  s t r o n t iu m  age d e t e r m in a t io n s  were based 
o n ly  on chem ica l  a n a l y s i s  o f  th e  ru b ia iu m  and s t r o n t iu m  
c o n te n t s  o f  th e  m i n e r a l s ,  and by 1949 Ahrens and c o l l a b o r a t o r s  
( 35- 3 8 ) were u s in g  s p e c t ro c h e m ic a l  a n a l y s i s  t o  o b t a i n ,  f o r  a 
number o f  l e p i d o l i t e s ,  ages  which were b e l i e v e d  t o  be c lo s e  
to  th e  t r u e  v a lu e s  in  most c a s e s .  Mass s p e c t r o rn e t r i c  a n a ly s i s
87has a l s o  been used  to  de te rm in e  th e  r a d io g e n ic  Sr c o n te n t  o f  
th e  s t r o n t iu m  e x t r a c t e d  from th e  m in e r a l s  ( 3 8 , 39) and r e c e n t l y  
(4 0 -4 2 ) ,  th e  i n t r o d u c t i o n  o f  i s o t o p i c  d i l u t i o n  measurements 
o f  th e  ru b ia iu m  and s t r o n t i u m  c o n te n t s  of  samples has  made 
th e  method s e n s i t i v e  enough to  app ly  to  cojimoner ty p e s  o f  
m i n e r a l s ,  in  which tn e  c o n te n t  o f  n o n - r a d io g e n ic  s t r o n t iu m  i s
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a p p r e c i a b l e .  However, a t  p r e s e n t ,  a a t a  i s  a v a i l a b l e  
m a in lv  f o r  th e  r a r e r  l e p i d o i . i t e s , an a ,  because of  th e87 87slov.ness o f  tne  Rb — >.or t r a n s i t i o n ,  th e  method i s  
u s e f u l  more p a r t i c u l a r l y  f o r  o ld e r  m i n e r a l s .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t ,  on th e  a c c e p te d
10 87v a lu e  of  about  6 x 10 y e a r s  f o r  th e  h a l f - l i f e  o f  Hb 
( 10- 13) ,  th e  s t r o n t i u m  method of  geochronom etry  g i v e s  
the g r e a t e s t  ages  so f a r  d i s c o v e r e d  (43 ) .  There i s  some 
ev id ence  t h a t  s t r o n t i u m  ages  a r e  c o n s i s t e n t l y  h ig h e r  
th an  th o s e  g iv e n  by o th e r  r a d i o - a c t i v e  m ethods,  so much s o ,  
t h a t  Holmes (44) c o n s id e r s  t h a t  t h e r e  i s  a  s y s t e m a t i c  
e r r o r  in  th e  t e c h n iq u e .  Kohman (43) su g g e s t s  t h a t  t h i s87
co u la  be e x p la in e d  i f  th e  a c c e p te d  h a l f - l i f e  o f  Hb i s  too  
l a r g e ,  ax though i t  i s  p o s s i b l e ,  oecause o f  th e  l a r g e  
number o f  low energy  e l e c t r o n s  in  t h e  b e t a  spec trum
87o f  Hb ( 1 2 , 13) t h a t  e r r o r s  in  t h e  e x p e r im e n ta l  
d e t e r m i n a t i o n  o f  th e  h a l f - l i f e  may be s u f f i c i e n t  to  
e x p l a i n  th e  d i s c r e p a n c i e s .  Ko rim an (45) has  p rop osed  t h a t  
tne  t r a n s i t i o n  may be speeded by th e  o cc u r ren c e  o f  a 
p i 'o p o r t io n  of  u n o b se rv e a  'bound* b e t a  d i s i n t e g r a t i o n s .
I t  i s  p o s t u l a t e d  t h a t  i n  t h e s e  e v e n ts  th e  e l e c t r o n  i s  
c r e a t e d  a i r e c t l y  i n to  an atomic o r b i t  of th e  d i s i n t e g r a t i n g  
atom, and t h a t  t h e  ex cess  energy  i s  c a r r i e d  away by t h e  
n e u t r i n o .  This  p o i n t  i s  r a i s e d  a g a in  l a t e r .
POTASSIUM GEOCHRONOLOGY.
40
The i s o t o p e  K has  a l t e r n a t i v e  modes o f  decay ,  e i t h e r  40 40to  A by e l e c t r o n  c a p tu r e  or to  Ca by b e t a  em iss io n  (4 o ) .40
The t r a n s i t i o n  to  A has  been th e  fo c u s  o f  a c o n s id e r a b l e
amount o f  r e c e n t  r e s e a r c n .  as tn e  b a s i s  o f  a means o f  d a t in g
m i n e r a l s , th e  e l e c t r o n  c a p tu r e  braiich o f  t h e  aecay  i s
im p o r ta n t  in  s e v e r a l  r e s p e c t s .  The p a r e n t  and d a u g h te r
n u c l e i  a r e  q u i t e  d i s t i n c t  c h e m ic a l ly  and p h y s i c a l l y
o f fe r in g ,  in p r in c ip le ,  easy methods o f  sep a ra tio n . A lso ,
i t  i s  u n l i k e l y ,  s i n c e  argon  i s  an i n e r t  g a s ,  t h a t  t i ie re
w i l l  be any a p p r e c i a b l e  amount o f  n o n - ra d io g e n ic  argon
t r a p p e d  in  th e  sajmples.
Although con sid era b le  experim ental d i f f i c u l t i e s  are
ex pe r ienced  h i  th e  e x t r a c t i o n  and measurement/, o f  sm a l l
q u a n t i t i e s  o f  a rg on ,  most o f  th e s e  now seem to  have been
overcome ( 4 7 ) ,  and p r e c i s e  argon  age d e t e r m in a t io n s  have been40 40
h e ld  up m ain ly  because the  decay i-er iod  o f  th e  K----
t r a n s i t i o n  has  n o t  been known w i th  s u f f i c i e n t  ac cu rac y .
All ex a c t  d e t e r m in a t io n  o f  th e  branching  o f  th e  decay  h as
provea d i f f i c u l t  t o  o b t a i n .  The most r e l i a b l e  o f  th e  r e c e n t
measurements o f  th e  b ranch ing  r a t i o  ( t h e  r a t i o  o f  tn e  r a t e  o f  
40 40decay to  a t o  the  r a t e  o f  decay to  Ca ) ,  u s in g  r a d i a t i o n
coun t ing  m ethods ,  g iv e  v a lu e s  ai'ound 0 .1 2 .  The b ranch ing
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r a t i o  has a l s o  been measured by g e o p h y s i c a l  methods using' 
m i n e r a l s  of known age .  Recent v a lu e s  o b ta in e d  in  t h i s  way 
t e n d  to  be about  0 .0 9 .  The d i s c r e p a n c y  i s  s u f f i c i e n t l y  v/ide 
t o  l e a d  to  p o s s i b l e  s e r i o u s  e r r o r s  in  age d e t e r m i n a t i o n s .
A re a so n  fo r  the  g e o p h y s i c a l  measurements g i v i n g  a lower 
v a lu e  may be sought in  incom ple te  a rg o n  e x t r a c t i o n ,  but 
th e  p o s s i b i l i t y  o f  a rgon  d i f i d s i o n  from une m in e r a l s  cann o t  
be d i s c o u n te d .
(jn tn e  o tn e r  hand ,  p n y s i c a l  d e t e r m i n a t i o n s  o f  tne  
b ra n ch in g  r a u io  a r e  d i f f i c u l u ,  and the  r e s u l t s  show 
s u f f i c i e n t  v a r i a t i o n  t o  le a v e  tn e  c o r r e c t  v a lu e  in  some 
d o u b t . Thus th e  p r o b a b i l i t y  o f  e r r o r s  in  uhe p r e v io u s  
a e ue rmiii a t  ions  seemed to  be h ig h  enough to  w a r ra n t  a 
r e - i n v e s t i g a t i o n  o f  th e  problem u s in g  th e  most s e n s i t i v e  
a p p a ra tu s  a v a i l a b l e .  Th is  i s  a l l  t h e  more n e c e s s a r y  
because  p r e s e n t  i i id i  c a t  ions  ai^e t h a t ,  p ro v ia e d  th e  
re m a in in g  d i f f i c u l t i e s  can be overcome, the  p o ta s s iu m -a rg o n  
method o f  d e te rm in in g  ages w i l l  become v e ry  u s e f u l  in  
f u t u r e .  More d e t a i l e d  d i s c u s s i o n  o f  th e  problems in v o lv e d  
in  th e  e l u c i d a t i o n  o f  the  p o ta s s iu m  decay and th e  
p 01asLiuiii-argon d a t i n g  te c im iq u e  i s  g iv e n  in  th e  
i n t r o d u c t i o n  uo C h ap te r  b .
The rem ainder  o f  un is  r e p o r t  d i vécusses i i i v e s t i g u t i o n s  
o f  th e  r a d i o - a c t i v e  p ro p u ru ie s  o f  th e  n a t u r a x l y  o c c u r r in g
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40The decay  o f  K i s  t r e a t e d  e n t i r e l y  from th e  p o i n t  o f  view
40of  i t s  g e o p h y s i c a l  u t i l i t y ,  because t h e  b e ta  decay  o f  K
has  been a d e q u a te ly  examined by o t h e r s .  The o th e r  n u c l e i
a r e  o f  i n t e r e s t  f o r  th e  p o s s i b l e  h ig h  f o r b id d e n n e s s  o f  t h e i r17bb e ta  u r a n s i u i o n s .  Lu a l s o  p roves  t o  be u s e f u l  as a u e s t
o f  t h e o r i e s  o f  nucleai* s t r u c t u r e ,  a  uop ic  which has been
17btou cned  but  b r i e f l y  in  t h i s  i n t r o d u c t i o n .  Lu may a l s o  be 
u s e f u l  g e o l o g i c a l l y . ,  and , s i i ice  iu  i s  tn e  c e n t r a l  member 
o f  a n a t u r a l l y  occurr i i jg  t r i a d  o f  isobai-s  ana may have 
a l t e r n a t i v e  modes o f  decay open to  i t ,  t h e  b ranch ing  r a t i o  
o f  th e  decay  and i t s  h a l f - l i f e  a re  o f  prLne im por tance .
The problem o f  p r e d i c t i n g  th e  energy  a v a i l a o l e  f o r  
beUa-cecay has  n o t  been t r e a t e d  in  th e  fo re g o in g  s e c t i o n s  
bu t  tne  a u t h o r  has p r e v io u s l y  co n s id e re d  th e  q u e s t io n  
in  an u n p u b l i s h e d  rev iew ,  fo l lo w in g  th e  method o f  Koiiman (4 8 ) .  
Kohman’s t r e a tm e n t  i s  p u r e l y ‘ e m p i r i c a l , and he p l o t s  
s t a b i l i t y  l i m i t s  f o r  b e t a  decay from e x p e r im e n ta l  d a t a .  
U n f o r t u n a t e l y ,  the  curves  which a r e  o b ta in e d  in  t h i s  v/ay 
a re  n o t  s u f f i c i e n t l y  uncmibiguous to  p e rm i t  b e t t e r  than  
q u a l i t a t i v e  p r e d i c t i o n s ,  and in  cert^^in c a s e s ,  eS j_ecia l ly  
wnere th e  energy  f o r  b e t a  decay i s  smc.^1, even q u a l i t a t i v e  
p r e d i c t i o n s  a r e  n o t  ^ o s s i b l e , This  p roved  to  be p a r t i c u l a r l y  t h e
187 187case  f o r  th e  Re -  cs i so b a i ' i c  p a i r ,  but  t h i s  i s
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d i s c u s s e d  l a t e r .  The e n e r g e t i c s  o f  b e t a  decay i s  n o t  
d i s c u s s e d  f h r t h e r  h e r e ,  a l th o u g h  r e f e r e n c e  to  th e  d e t a i l e d  
n u c l e a r  s t a o i l i t y  c h a r t s  p roduced  by the  a u th o r  f o r  th e  
above-m entioned  rev iew  i s  made from t im e to  time in  l a t e r  
s e c t i o n s .
2 .  AiiABATUb FOR TKJ TATIOlv OF ACTIVITES,
I n t r o d u c t i o n .
The s t a t i s t i c a l  n a t u r e  o f  the  background c o u n t in g  rc.te 
o f  any ty p e  o f  n u c l e a r  c o u n te r  t e n d s  to  mask t h e  p re se n c e  
o f  an a d d i t i o n a l  weak a c t i v i t y .  I t  i s  t h e r e f o r e  e s s e n t i a l  
t o  o o t a in  as l a r g e  a source / 'backgrounc co u n t in g  r a t e  r a t i o  
as  p o s s i o l e .  T h is  aim ma.y ce approached  in  two d i f f e r e n t  
ways, e i t h e r  by inc rec .s ing  t n e  c.mount o f  m a t e r i a l  examined, 
o r  by reduc ing  th e  background. The oiiiount o f  Sample cannot 
be i n c r e a s e d  i n d e f i n i t e l y  because o f  t n e  s e r i o u s  a b s o r p t i o n  
o f  b e t a  ra ys  in  t h i c k  s o u rc e s .  One method which has  been 
u s e d  to  o b ta in  a r e a s o n a b ly  l a r g e  sample in  a  t h i n  l a y e r  
i s  to  d e p o s i t  th e  source  on th e  in n e r  s u r f a c e  o f  th e  iva l l  o f  a 
c y l i n d r i c a l  c o u n te r .  This  t e c h n iq u e  was employed by Libby 
and  o th e r s  ( 1 - j )  in  Geigei' c o u n te r s  and has  r e c e n t l y  been 
ex tended  s u c c e s s f u l l y  by Curran e t  a l .  (4) t o  p r o p o r t i o n a l  
c o u n t e r s .  The use  o f  a w al l -m oun ted  sou rce  in  a p r o p o r t i o n a l  
c o u n te r  i s  a . t tended  by d i f f i c u l t i e s  which do no t  a r i s e  in  
G eige r  tu b e s ,  because  in  p r o p o r t i o n a l  s p e c t r o m e te r s  i t  i s  
e s s e n t i a l  t h a t  the  b e t a  r a y s  be t o t a l l y  ab so rb e d  w ich in  th e  
s e n s i t i v e  r e g io n .  In u s u a l  methods o f  p r o p o r t i o n a l  c o u n te r  
s p e c t r o m e t r y  i t  i s  f r e q u e n t l y  p o s s i o l e  t o  a^ p ly  a ma^'hetic 
f i e l d  to  c o n ta in  th e  p a r t i c l e s  w i t h i n  th e  co u n t in g  volume (5)
—2.8 —
but t h i s  i s  o f  no v a lu e  when v /a l l  mounted so u rce s  a r e  
used .  Even f o r  modera te  b e t a  ra y  e n e r g i e s  a l a r g e  c o u n te r  
under p r e s s u r e  i s  e s s e n t i a l .
A s l i g h t  improvement in  th e  coun t ing  r a t e  as  a 
f u n c t i o n  o f  source  t h i c k n e s s  may a l s o  be o b t a in e d  by 
c a r e f u l  ch o ice  o f  chem ica l  compound f o r  t h e  sample,  or  
Where p o s s i b l e ,  by th e  use  o f  th e  pure  e lem en t .  A l a r g e  
improvement can sometimes be made i f  m a t e r i a l s  e n r ic h e d  
in  the  r a d i o - i s o t o p e  a r e  t e s t e d ,  out t h i s  i s  an  expens ive  
p ro cedu re  ana Was n o t  employed a s  a normal method o f  
approach in  t h e  p r e s e n t  work.
To re d u c e  th e  background, th e  c o u n te r  was o p e ra te d  
in  a  h e a v i l y  s h i e l d e d  underground  room, w i th  e x t r a  s h i e l d i n g  
o f  fo u r  in c h e s  o f  l e a d  and a d d i t i o n a l  s t e e l .  The p o r t i o n  
o f  th e  cosmic r a d i a t i o n  which could  s t i l l  manage to  p e n e t r a t e  
th e  s h i e l d i n g  was l a r g e l y  removed by an ai*ray o f  G eiger  
c o u n te r s  o p e ra te d  in  a n t i - c o i c i d e n c e  w i th  t h e  main 
( p r o p o r t i o n a l )  c o u n te r .  The s e p a r a t e  u n i t s  o f  th e  a p p a ra tu s  
w i l l  now be d e s c r ib e d  more f u l l y .
THE laCiORTlCKAL CCbhTER.
This  i s  shovm d ia g ra iu m a t ic a l ly  i n  F i g . 1 . The c o u n t e r , 
made o f  coppei' t u b in g ,  w i th  b r a s s  e n d - p l a t e s ,  i s  14cm. 
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FIG. I. DIAGRAM OF PROPORTIONAL COUNTER (NO"^ TO SCALE) 
SHOWING SPECIAL METHOD OF ANCHORING THE  
COLLECTING WI RE .
len g th  being 55 cm. The tu n gsten  c o l l e c t in g  w ire , ly in g  along  
the a x is  o f  Lhe c y l in d r ic a l  counter , i s  0 . 003»' in  d iam eter,  
and i s  supported in  Uie probe assem b lies  A and B. I t  i s  
anchored ana h e ld  tau t by a sm all spring in  B, and p asses  
Through the probe A d ir e c c ly  to  the g r id  of the f i r s t  
am plify ing  v a lv e ,  a  h igh  n eg a tiv e  v o lta g e  i s  a p p lied  to  the  
outer case  o f  the counter and the w ire i s  near earth  
p o t e n t ia l .  In t n i s  way a h igh  v o lta g e  D.C. b locking condenser  
between the counter ana a m p lif ie r  i s  unnecessary .
The probe assem b lies  cire each e s s e n t i a l l y  two c o - a x ia l  
brass cy lin d e i's  imbedded in eb on ite  in s u in t o r s . The outer  
c y l in d e r  i s  held  a t  the p o t e n t ia l  appropriate to  i t s  p o s i t io n  
in  the e l e c t r i c  f i e l d  in s id e  th e  counter , and a c t s  as the 
f i e l d  co rrec t in g  tube (6) d e f in in g  the counting volume 
a c c u r a te ly .  The inner c y l in d e r  c a r r ie s  the c o l l e c t in g  w ir e ,  
and i s  earthed to p ro te c t  the wire from leakage currents  
from the f i e l d  coi-recting tube and the counter.
To allow the counter to be opened fo r  in s e r t io n  o f  
m etal l in in g s  carrying tne r a d io -a c t iv e  Samples w ithout  
breaking the c o l l e c t in g  w ire , the probe assem bly B i s  o f  
s p e c ia l  d es ig n . The d e t a i l s  ai’e brought out in  F ig . 1. but, 
e s s e n t i a l l y ,  the probe i s  supported in  eb on ite  a t  t h e  c y l in d r ic a l  
w a ll  o f  the counter , in s tea d  o f  being on the en d -p la te  in  the
—2Ç—
normal arrangement. This d esign  has the m erit  o f lea v in g  
th e  soui'*ce com pletely  open to  the s e n s i t i v e  reg ion  o f  th e  
cou n ter , u n lik e  the arrangement used by Mulholland and Konman (7) 
in  which the v;ire was supported a t  end B by th ree  rods 
s tr e tc h in g  a cr o ss  the counter from end à . The rods screened  
some o f  the source and must a ls o  nave had a d is tu rb iiig  
e f f e c t  on the e l e c t r i c  f i e l d ,  and hence on the gas g a in  
in  the counter.
In p r a c t ic e ,  the probe 3 was e a s i l y  d istu rb ed  m ech an ica lly  
and i t s  e l e c t r i c a l  p r o p e r t ie s  were not a l l  th a t  could be 
d es ir e d . In p a r t ic u la r ,  th ere  was a tendency fo r  sparking  
to  take p la ce  a cross  the su rface  o f  the in s u la t o r s ,  probably  
i n i t i a t e d  oy d u st. An improved performance was obtained  
a f te r  the in s u la to r s  were snaped to  have s la n t in g  fa c e s ,  and 
so presented  a longer path len g th  fo r  a spark to t r a v e r s e ,  
but the performance v^ as never com plete ly  s a t i s f a c t o r y .  For 
some of the l a t e r  work tne pi*obe B was red es ig n ed  by the  
author to form a more robust arrangement. The nev/ counter  
i s  shown in  F ig . 2 . In t h i s ,  the s p e c ia l  probe i s  supported  
in  a r ig id  m etal p ost  f ix e d  to th e  w-all o f  the counter . The 
ex tern a l e l e c t r i c a l  co n ta c ts  are mace through c y l in d r ic a l  
sp rin gs  f i t t e d  in  eb on ite  p lugs in  the en d -p la te ,  yâien the  
counter i s  opened the sp r in gs  come away w ith  the e n d -p la te ,  
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FIG. 2 .  DESIGN OF IMPROVED VERSION OF P R O PO R T IO N A L  
COUNTER ( d i a g r a m  N O T  TO SCALE ) .
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p l a t e s  on th e  probe aeseüibly, g iv in g  th e  n e c e e s a ry  c o n n e c t io n s  
This d e s ig n  g iv e s  ixn asseiubiy vvhich ib  m e c h a n ic a l ly  r i i , i d  and, 
in  so f a r  as l i m i t e d  ex p e r ien ce  o f  i t  under v, or k ing c o n d i t io n s  
Can t e l l ,  e l e c t r i c a l l y  sound as w e l l .
.mbOLUTICK AND STABILITY OF 'IHl CCuNTEB.
For a g iv e n  ex p e n d i tu re  o f  energy  in  tae  c o u n te r ,  the  
p u l s e  f i n a l l y  a r r i v i n g  a t  th e  a m p l i f i e r  depends on 
s t a t i s t i c a l  f l u c t u a t i o n s  in  th e  number o f  e l e c t r o n s  l i b e r a t e d  
in  ti .e p r im ary  i o n i s i n g  e v e n t ,  on s t a t i s t i c a l  f l u c t u a t i o n s  
in  t h e  number o f  e le c t i 'o n s  re a c h in g  th e  r e g io n  o f  e l e c t r o n  
m u l t i p l i c a t i o n  n e a r  tne w i r e ,  and on v a r i a t i o n s  i n  tn e  
m u l t i p l i c a t i o n  p ro c e s s  i t s e l f .  Of t i . e s e ,  th e  o n ly  e f f e c t  
l i k e l y  to  be more s e r i o u s  in  a l a r g e  c o u n te r  i s  th e  second, 
because  many of  tn e  e l e c t r o n s  have a co m p a ra t iv e ly  long 
d i s t a n c e  to  t r a v e l  in  r e g io n s  o f  low e l e c t r i c  f i e l d  s t r e n g t h  
b e f o re  th e y  r e a c h  the  h ig h  f i e l d  r e g io n  c lo se  t o  th e  w i re .
T h is  i n c r e a s e s  th e  t ime t h a t  the f r e e  e l e c t r o n s  spend in  the  
g a s  and i n c r e a s e s  th e  p r o b a b i l i t y  o f  fo rm a t io n  o f  hecivy io n s .  
S ince  t h e  d r i f t  v e l o c i t y  o f  gaseous  io n s  may be a  tho usan d  
tLmes s m a l l e r  than  the  d r i f t  v e l o c i t y  o f  f r e e  e l e c t r o n s  
th e  r i s e  t im e of  th e  c o l l e c t i o n  p u l s e  i s  l e n g th e n e d  and th e  
h e i g h t  thc . t  th e  p u l s e  f i n a l l y  a t t d n s  i s  r e d u c e d .  To p r e v e n t  
t h i s  as  much as  p o s s i b l e ,  g a s e s  wihh a h igh  e l e c t r o n  a f f i n i t y  
must be excluded from the  c o u n te r .  I n  p r a c t i c e ,  m ix tu r e s
- a 2 -
o f  ai'gon and methane o f  cominercial q u a l i t y  were found to  
be s u i t a b l e  f o r  th e  s i z e  o f  th e  c o u n te r  used  in  t h e  p r e s e n t  
work. Iven  s o ,  extreme ca re  had to  be t a k e n  to  exc lude  
t r a c e s  o f  o rg a n ic  vapours  v;hich c o u ld  be p r e s e n t  in  th e  
pumping system s o r  in  th e  s o u rc e ,  i f  o rg a n ic  m a t e r i a l s  
were used  in  i t s  p r e p a r a t i o n .  Because o f  th e  namense 
ai 'ea  p r e s e n te d  by a wall-m ounted  s o u rc e  to  th e  c o u n te r  
even s l i g h t  e m iss io n  o f  o rg a n ic  m o lecu le s  may * poison* 
th e  c o u n te r .  In  p a r t i c u l a r ,  xy len e  was found to  have 
d i s a s t r o u s  e f f e c t s  on th e  o p e r a t io n  o f  a  p r o p o r t i o n a l  
c o u n te r  o f  t h i s  s i z e ,  a l though  th e  same gas  m ix tu re  in  a 
sm a l l  (1** d ia m e te r )  co un te r  p e r m i t t e d  s a t i s f a c t o r y  o p e r a t io n .
C a l i b r a t i o n  o f  th e  c o u n te r  was u s u a l l y  made w i th  th e  
u n f i l t e r e d  f l u o r e s c e n c e  x - r a y s  o f  s i l v e r  or  co p p e r ,  
e x c i t e d  i n  a beam o f  w n i te  x - r a d i a t i o n .  In  norm al 
o p e r a t io n  x - r a y  l i n e s  w i th  6% h a l f - w i d t h  a t  h a l f  maximum 
h e i g h t  were u s u a l .
In  many of  th e  exper im ents  th e  ex t re m e ly  low co u n t in g  
r a t e s  which were o b ta in e d  r e q u i r e d  th e  c o u n te r  to  be o p e r a te d  
c o n t in u o u s ly  over a p e r io d  o f  12 h o u r s ,  in  o rd e r  to  o b t a i n  
r e s u l t s  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  In  g e n e r a l ,  th e  
energy  C a l i b r a t i o n  o f  the  c o u n te r  rem ained  s t e a d y  to  w e l l  
v . i th in  5 -^ over t h i s  l e n g th  o f  t im e .
THE BACKGROUND OF THF CCUNTnR.
The background o f  th e  c o u n te r  was j u s t  over  1500 c .p .m .  
when th e  c o u n te r  was u n s h i e l d e d ,  and red u ced  to  3^0 c .p .m .  
when th e  in s t r u m e n t  was o p e ra te d  i n  a  4" t h i c k  l e a d  c a s t l e  
in  a w e l l  s h i e l d e d  l a b o r a t o r y .  ,,hen th e  c o u n te r  was 
su rrou n ded  by an a r r a y  o f  G e ig e r  tu b e s  o p e r a t in g  in  a n t i -  
c o in c id e n c e  w i th  th e  main c o u n te r ,  th e  background was o n ly  
loO c .p .m .  F u r t h e r  i n v e s t i g a t i o n  showed t h a t  the bu lk  o f  th e  
rem a in ing  background o r i g i n a t e d  in  t h e  aluminium s h e e t  
l i n i n g  th e  c o u n t e r .  This  s l i g h t  co n ta m in a t io n  a p p e a rs  to  
be a g e n e r a l  p r o p e r t y  o f  aluminium and has  r e c e n t l y  been 
con f irm ed  i n  in dep end en t  work by C ra th o rn  ( 8 ) .  S e v e r a l  
s u b s t i t u t e  m e ta l s  v,ere t e s t e d  and i t  was found t h a t  s t a i n l e s s  
s t e e l  gave t h e  b e s t  per fo rm ance ,  w i th  backgrounds which 
were o n ly  22 c .p .m .  w i th  l e a d  and an te-co inc idence  s h i e l d i n g ,  
presum ably  some o f  th e  r e s i d u a l  background must s t i l l  come 
from th e  c o u n te r  m a t e r i a l s  b u t  t h i s  was n o t  i n v e s t i g a t e d  
f u r t h e r .  Some, a t  l e a s t , o f  th e  background i s  known t o  
a r i s e  from gamma r a d i a t i o n  o r i g i n a t i n g  o u t s i d e  o f  th e  
c o u n te r .  Evidence f o r  t h i s  i s  d i s c u s s e d  in  C hap te r  4 .
The f i n a l  ar rangem ent  o f  th e  c o u n te r s  i s  shown in  th e  
pho tog raph  o f  F ig .  3 . The p r o p o r t i o n a l  c o u n te r  l i e s  i n s i d e  
a r i n g  o f  22 G eige r  c o u n te r s  o f  g l a s s , w i t h  copper c a tn o a e s .
FIG. THE BrDPORTIONrbL COLNTER H\ bITU.
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A s i n g l e  l a y e r  of Geigei* tu b e s  co m p le te ly  su r rou n ds  th e  
p r o p o r t i o n a l  c o u n te r .  double  l a y e r  was shown to  nmke no 
a p p r e c i a b l e  d i f f e r e n c e  t o  t h e  backgi*ound. The c o u n te r s  
c o n s id e r a b ly  o v e r la p  th e  s e n s i t i v e  volume o f  th e  sample 
c o u n te r  and appear  to  g iv e  very  complete  s h i e l d i n g  from 
cosmic r a y s ,  so much so t h a t  th e  a d d i t i o n  o f  G eige r  c o u n te r s  
a t  each end o f  the  p r o p o r t i o n a l  c o u n te r  v/as a l s o  found 
to  have no a p p r e c i a b l e  e f f e c t  on th e  background.
The f i n a l  backgrouno c o n s i s t e n t l y  o b ta in e d  w i th  t h e  
appcu*atus was a t o t a l  background (over  a l l  e n e rg ie s )  o f  
22 c .p .m .  T h is  i s  comparable to  t h a t  o u t a i n e a  by Kulp 
and Tryon ( 3 ) w ith  a s t a i n l e s s  s t e e l  G e ig e r  c o u n t e r ,  
when th e  d i f f e r e n c e  in  a v a i l a b l e  source  a r e a  i s  t a k e n  
i n t o  a c c o u n t .  I t  i s  somewnat b e t t e r  t n a n  th e  f i n a l  
background o f  abo u t  30 . c.p.m. a t t a i n e d  by C ra th o rn  f o r  a 
3 l i t r e  c o u n te r .  (The co un te r  u sea  in  t h i s  work h a s  a 
s e n s i t i v e  volume o f  ov er  4 l i t r e s ) .
Kulp and Tryon f i n d  t h a t  th e  background can be 
f u r t h e r  r e a u c e d  by more thi.n $0 %, by su rrou n d ing  th e  c o u n te r  
w i th  a 1" t h i c k n e s s  o f  h ig h ly  p u r i f i e d  m ercury .  T h is  
was n o t  a t t e m p te d  w i th  th e  p r o p o r t i o n a l  c o u n te r  u sed  in  
t h i s  work because o f  the  s i z e  o f  the  c o u n te r .  On th e  
o t h e r  hand, as  p o in te d  o u t  by Curran e t  a l .  ( 4 ) ,  th e
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e f f e c t i v e  background of  & p r o p o r t i o n a l  c o u n te r  may be ve ry  
much l e s s  t h a n  i t s  t o t a l  background. T h is  i s  because t h e  
a c t i o n  of  a p r o p o r t i o n a l  c o u n te r  in  s p re a d in g  out  th e  
background in  a spectrum  re d u c e s  tn e  e f f e c t i v e  background 
i f  the  sou rce  r a d i a t i o n s  cover o n ly  a l i m i t e a  p o r t i o n  o f  
tn e  t o t a l  ene rgy  r a n g e .  Th is  p o i n t  i s  b rough t  ou t  v e ry  
c l e a r l y  i n  work on osmium (C hap te r  4) where L x - r a y s  were 
examined. Tne p a r t  of tiie energy  ra n g e  o f  i n t e r e s t ,  6-13 
Kev ( F i g . 7) i s  a ve ry  sm a l l  f r a c t i o n  o f  th e  t o t a l  background 
energy  ra n g e  and the  e f f e c t i v e  background i s  on ly  2 .1  c .p . m . ,  
a f a c t o r  of l(j b e t t e r  th a n  an e q u i v a l e n t  G e ig e r  c o u n te r  i n  
which th e  cou n ts  a r e  i n t e g r a t e d  over  a l l  e n e i g i e s .  The 
Some c o n s i d e r a t i o n  a p p l i e s  in  s c i n t i l l a t i o n  c o u n te r s .
SUBblDlAhY APlAihfTUa.
The c o u n te r s  were o p e ra te d  from commercial h ig h  
v o l t a g e  s t a b i l i s e d  power u n i t s ,  v^ith e x t r a  smoothing 
added. The o u tp u t  from th e  p r o p o r t i o n a l  c o u n te r  v/as 
a m p l i f i e d  in  a low n o i s e  l i n e a r  a m p l i f i e r ,  o u i l t  from an 
u n p u o l ish ed  a e s ig n  due to  A.L. C o c k c ro f t .  The o u tp u t  from 
th e  a m p l i f i e r  was a p p l i e d  t o  th e  X - d e f l e e t i o n  p l a t e s  o f  a 
Cathode I'ay tu b e  w i th  no t i m e - b a s e , and th e  a i s p l a y  
re c o rd e d  by a c in e -c a m e ra ,  in  which th e  f i l m  moved
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v e r t i c a l l y  p a s t  t h e  s c re e n ,  r u l s e  h e ig h t  a n a l y s i s  was 
s u b s e q u e n t ly  C a r r ie d  out in  a s p e c i a l  m ic r o - f i l m  r e a d e r .
T h is  p h o to g ra p h ic  te c h n iq u e  (9) makes i t  p o s s i o l e  to  r e c o r d  
a l l  tne  in f o r m a t io n  a t  once ,  th u s  r e d u c in g  th e  time r e q u i r e d  
f o r  an ex p e r im e n t .  The in t i*oduc t ion  o f  th e  Hut ch in s  on- 
b c a r r o t t  t y p e  o f  p u l s e  a n a l y s e r  ( 10) made i t  p o s s i b l e  to  
a n a ly s e  a com ple te  spectrum e l e c t r o n i c a l l y  and t h i s  was 
done in  some o f  th e  l a t e r  v;ork on po ta s s iu m .
The an t i -C O in c id e n c e  a r rangem en t  lalso employed a 
p h o to g ra p h ic  t e c h n iq u e .  The o u tp u t  o f  the G eiger  c o u n t e r s ,  
a l l  connec ted  in  p a r a l l e l ,  was shaped in  a lÿonostable  
m u l t i v i b r a t o r  c i r c u i t  and f e d  to  th e  Y -  d e f l e c t i o n  p l a t e s  
o f  th e  c a th o a e ra y  tu b e .  Even v / i th  no d e la y  i n  th e  
p r o p o r t i o n a l  c o u n te r  c i r c u i t ,  v/hen c o in c id e n t  e v e n ts  o c c u r re d  
i n  th e  two c o u n te r  systems th e  Geiger a r r a y  alvjays r e g i s t e r e d  
f i r s t , d e f l e c t i n g  th e  t r a c e  v e r t i c a l l y  on th e  s c r e e n  t o  a 
p o s i t i o n  behind  an opaque co v e r in g  which h id  th e  co r re sp o n d in g  
p r o p o r t i o n a l  c o u n te r  p u l s e  from tn e  camera, .when e v e n ts  
o c c u r re d  in  t h e  p rO j_or t iona l  c o u n te r  a lo n e ,  th e  s p o t  was 
d e f l e c t e d  a c r o s s  th e  c e n t r e  o f  th e  s c r e e n ,  in  f u l l  view 
o f  the  Camera. T h is  proved to  be a v e ry  s im p le  and rugged  
a n t i - C O  in c id e n c e  system and v;orked w e l l  in  p r a c t i c e ,  and 
gave a l l  t h e  o e n e f i t s  o f  a p h o to g ra p h ic  t e c n n iq u e .
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This  co n c lu d e s  the  b r i e f  d e s c r i p t i o n  o f  t h e  low 
background p r o p o r t i o n a l  c o u n te r  a p p a r a t u s  deve loped  
f o r  the  ex am in a t io n  o f  some o f  th e  n a t u r a l  r a d io - e l e m e n t s .  
I t  was th e  b a s ic  energy measuriijg d e v ic e  u sed  i n  th e  
exp e r im en ts  d e s c r i b e d  i n  tn e  su cceed in g  c h a p t e r s ,  a l th o u g h  
in  most o f  th e  i n v e s t i g a t i o n s  s c i n t i l l a t i o n  c o u n te r s  
være a l s o  employed. These ,  and any v a r i a t i o n s  o f  
p r o p o r t i o n a l  c o u n te r  t e c h n iq u e  which were n e c e s s a r y  i n  
p a r t i c u l a r  e x p e r im e n ts ,  a r e  d e s c r i o e d  i n  t h e  a p p r o p r i a t e  
s e c t i o n s .  F u r t h e r  i n v e s t i g a t i o n  o f  the  n a tu r e  o f  th e  
r e s i d u a l  background o f  tiie p r o p o r t i o n a l  c o u n te r  i s  
d i s c u s s e d  in  C hapter  4 ,  and p o s s i b l e  improvements i n  th e  
t e c h n io u e s  a r e  i n d i c a t e d .
3j A SEARCH FOR TiaTURAL lUDIO.iCTIVITY IN NEODYUIUivi.
I n t r o d u c t i o n .
Neodymium has  been i n v e s t i g a t e d  a nu :iber o f  t im es
( 1- 7 ) and most w orkers  e i t h e r  f a i l e d  t o  f i n d  b e t a  a c t i v i t y
or a t t r i b u t e d  i t  to  common r a d i o - a c t i v e  i m p u r i t i e s .  By f a r
th e  most  s e n s i t i v e  a p p a r a t u s  in  th e  e a r l i e r  work was used
by L ibby, who excmined th e  element as  an  i n t e r n a l l y
mounted so u rce  in  a s c r e e n - w a l l  g e i g e r  c o u n te r  ( 5 ) .  A b e ta
r a d i a t i o n  Vi/ith a  maximum energy  o f  ab o u t  11 Kev, ana a h a l f -
10l i f e  f o r  the  e lem ent  o f  5 x  10 y e a r s  was o b t a in e d .
This  ap p e a re d  to  be conf irm ed  by work o f  J h a  (8 ) .  R e c e n t ly ,  
Curran  e t  a l .  (9) p o in te d  out  t h a t  th e  lo g  f t  v a l u e ,  
assuming L ib b y ’ s v a lu e  f o r  t h e  h a l f - l i f e ,  would group 
w i th  th e  o t h e r  n a t u r a l  r a d io - e l e m e n t s  i f  t h e  maximum energy  
were a j o  Kev. P r e l im in a r y  measurements d id  n o t  ap p e a r  
to  r u l e  o u t  th e  p o s s i b i l i t y  o f  r a d i a t i o n s  o f  t h i s  energy .
At a b o u t  th e  same t im e ,  M ulho lland  and Kohman (10) f a i l e d  
to  f i n d  any a c t i v i t y ,  and p u t  th e  maximum s p e c i f i c  
o e ta  a c t i v i t y  a t  0 .003 b e t a s / s e c /g m .  o f  neodymium.
neodymium o cc u p ie s  an i n t e r e s t i n g  p o s i t i o n  i n  th e  
j_er iod ic  c l a s s i f i c a t i o n ,  n e x t  t o  th e  ’m i s s i n g ’ e lem ent  
promethium (^  = b l ) , and th e  q u e s t io n  o f  n a t u r a l  b e ta  
a c t i v i t y  in  one or o t h e r  o f  th e  i s o t o p e s  o f  neodymium
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became o f  im portance  i n  c o n n e c t io n  w i th  the  o ccu r ren ce
in  n a t u r e  o f  p o s s i o l e  stc* bie i s o t o p e s  of  promethium ( 11) .
n u c l e a r  s t a b i l i t y  r u l e s ,  in  g e n e r a l ,  l i m i t  th e  s t a b l e
i s o t o p e s  o f  odd 1 e lem ents  to  t h o s e  o f  odd mass number.
145 147In  p a r t i c u l a r ,  s t a b i l i t y  cha i ' t s  su g g e s t  Hi and Im
as p o s s i b l e  s t a b l e  i s o t o p e s .  Of th e  co r re sp o n d in g  neodymium 147i s o  o a r s ,  M  does n o t  e x i s t  i n  n a t u r e  and i s  known to  be
P o .d io -ac t iv e  w i th  s h o r t  h a l f - l i f e  ( 12) ,  and th e  r e c e n t
145 I 4 5d is c o v e r y  o f  th e  decay o f  Im to  Nd by e l e c t r o n  c a p tu re145 145(1 3 ) i i i p l i e s  the  s t c ^ b i l i t y  o f  l\d a g a i n s t  decay  to  pm
C o n s ia e r a t io n  o f  b e ta  s t a b i i i u y  l i m i t s  l e d  hohmon ( i4 )140 150to  propose  p o s s i b l e  i n s t a b i l i t y  i n  Nd or  hd  , both  o f
which l i e  c lo s e  t o  th e  l i m i t s  of s t a b i l i t y  a g a i n s t  betal 4 0decay ,  f o r  even -  A, even -  Z n u c l e i .  Nd h a s  s u b s e q u e n t ly150been shovm to  have a 3*3 day h a l f - l i f e  ( 15) ,  bu t  lid o ccu rs  
in  n a t u r e  w i th  5 «bx r e l a t i v e  abundance i n  t h e  n a t u r a l
150m ix tu re  o f  i s o to p e s  o f  neoaymium. x-m l i e s  w e l l  o u t -w i th 150
th e  s t a b i l i t y  l i m i t s  f o r  even -  A, odd -  Z n u c l e i  ( I 6 ) bu t  bm150
i s  a p p a r e n t l y  s t a b l e .  I f  M  were r a d i o - a c t i v e ,  t h e -
150 150p ro d u c t  would be Sm , w i th  Im e x i s t i n g  n a t u r a l l y  in
150t r a n s i e n t  e q u i l i b r iu m  w i th  Nd
The p o s s i b i l i t y  o f  a l p h a - a c t i v i t y  i n  some n a t u r a l
i s o t o p e s  o f  even -  Z e lem en ts  has been s u g g e s te d  (1 7 ) .  S ince 
144
i'id c o n ta in s  two n e u t ro n s  in  excess  o f  th e  c lo se d  s h e l l
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a t  8 2 , i t  may be expec ted  to  have t e n d e n c ie s  i n  t h i s  
d i r e c t i o n .  S e v e ra l  seax’ches have been made (18-20)  bu t  
only  v e ry  r e c e n t l y  has  p o s i t i v e  ev idence  f o r  a lp h a -d e c a y  
been r e p o r t e d  ( 21) ,  g i v in g  a s p e c i f i c  em iss ion  o f  0 .0 1 5  
a l p h a s / s e c . / g m .  neodymium.
EXPERIMENTAL PROCEjJuoE.
The a p p a ra tu s  d e s c r i b e d  in  th e  p re v io u s  c h a p te r  
was used .  The o u tp u t  o f  th e  c o u n te r  w i t h ,  and w i th o u t  a 
so u rce  of neodymium was i i lm e a  and an a ly se d  t o  g iv e  th e  
energy  s p e c t r a  shown in  F i g . 4 .  Background s p e c t r a  a r e  
shown by th e  broken l i n e  h i s to g ra m s ,  background p lu s  
so u rce  s p e c t r a  by the  f u l l  l i n e s .  Tv> 0 s p e c t r a ,  over  
rang es  o f  h ig h  and low energy  were t a k e n .  The same s t e e l  
l i n i n g  was used  in  a l l  th e  exper im en ts  so  t h a t  no e r r o r s  
cou ld  be in t ro d u c e d  by c o n ta m in a t io n  in  th e  s t e e l .  A g a s  
p r e s s u r e  o f  40 I b . / s q . i n .  was employed.
The so u rce  was of Nd C l^p rep a red  from I . I 8 gm. o f  
pure neodymium m e ta l .  In  t h i s ,  as in  a l l  th e  fo l lo w in g  
expe r im en ts  chem ica l  r e a g e n t s  were t e s t e d  in  th e  c o u n te r  
f o r  r a d i o - a c t i v e  p u r i t y  be fo re  t h e  so u rce s  were p r e p a re d .  
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-RîilSULTS AM) DISCUSSION.
An exam inat ion  o f  th e  s p e c t r a  o f  F i g •4 .  shows t h a t  
th e  background p lu s  sou rce  spec tium  h a s  no t r e n d  av/ay 
from th e  background specti^um a t  any energy  above 6 Kev.
This  f a c t ,  and c o u n t in g  r a t e  measurements a t  low er  e n e rg ie s
15cshow t h a t , i f  lid i s  r a d io - c i c t iv e ,  i t s  h a l f - l i f e  ca im ot be
15l e s s  th a n  10 y e a r s .  There was, in d eed ,  no ev id en ce  f o r
b e t a  a c t i v i t y ,  and t h i s  i s  in  accord  w i t h  t h e  l a t e s t
a v a i l a b l e  in fo rm a t io n  on mass measurements a t  th e  t im e o f
w r i t i n g  ( l a t e  1955)- Since the  above e x p e r im e n ta l  work
on neodymium was done,  mass s p e c t ro g ra p i i ic  measui'ements o f  
1 $G 1$0th e  nd -  6m mass a i f f e r e n c e  by Hogg and Duckworth (22)
have g iv e n  a Vc.lue o f  4 .6 ± 0 .8  Llev f o r  t n e  energy  d i f f e r e n c e  
between th e  grouiid s t a t e s  o f  une two n u c l e i .  Recent 
measurements ( 2 j )  o f  tiie energy r e r e a s e  in  th e  b e t a  decay
150 150 150 150o f  Pm to  6m show t h a t  th e  ground s t a t e s  o f  rm and Sm
d i f f e r  by 5 . 311c .  15 Mev. On t h e s e  f i g u r e s  the  b e t a  decay
150of Kd might be p o s s i b l e  by abou t  250 Kev, taming t h e  
upper  l i m i t  of one measui ement, and the  lower l i m i t  o f  
th e  o t h e r . Very r e c e n t l y ,  however, Hogg as  re -exam in ed  the
150 150q u e s t io n  o f  the  Hd -Sm mass d i f f e r e n c e  (24) and 
co n c lu d e s  t h a t  h i s  p re v io u s  v l l u e  was to o  h ig h ,  and t h a t  
t h e  d i f f e r e n c e  i s  a b o u t  4 .0  dev . w ith  t h i s  v a lu e  t h e
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150s i n g l e  b e t a  decay of ITd i s  e n e r g e t i c a l l y  im p o s s ib le .
The p re se n ce  o f  th e  sou rce  was observed  t o  c a u se
an i n c r e a s e  in  the  number o f  h igh  ene rg y  p u l s e s ,  amounting*
to  n o t  more th an  1 .5  c o u n ts /m in u te .  T h is  was a t  f i r s t
a t t i r b u t e a  t o  r a d i o - a c t i v e  i m p u r i t i e s ,  b u t  follov^ing a"
p r i v a t e  conimunication from T . l .  Kohman con ce rn in g  work144
on th e  a lp h a  a c t i v i t y  o f  Kd , an accoun t  o f  which 
has  s in c e  been p u b l i s h e d  (2 1 ) ,  th e  s o u rc e  was re -ex am in ed ,  
while th e  r e s u l t s  con f irm ed  the  p re se n c e  o f  h igh  energy  
p a r t i c l e s ,  th e  u i i fav ou rab le  n a t u r e  o f  trie sou rce  d id  no t  
p e rm i t  any more a c c u r a t e  m easurem ents .  The cou n t in g  r a t e  o f  
1 .5  p e r  m inu te  o b ta in e d  in  th e  p r e v io u s  exam inat ion  
c o r re sp o n d s  to  a  s p e c i f i c  apha - a c t i v i t y  o f  abou t  0 .02  
a lp h a s / s e c .g m .  neodymium, v;hich i s  th e  same as t h a t  o b ta in e d  
by M ulho lland  and Kohman (10) u s in g  a p r o p o r t i o n a l  c o u n te r ,  
and s i m i l a r  to  th e  v a lu e  o f  0 .0 1 5  s u g g es ted  by e x p e r i  len ts  v / i th  
n u c l e a r  em ulsions (2 1 ) .  I t  i s  n o t  known w hether  t h i s  
a l p h a - a c t i v i t y  i s  t r u l y  c h a r a c t e r i s t i c  o f  neod^miium.
COhCIlOlOhD.
The experim ent  produced no ev id ence  f o r  b e t a -
150 15a c t i v i t y  in  Kcl w ith   ^ h a l f - l i f e  o f  les& th a n  l u  y e a r s .
The absence  o f  b e t a  a c t i v i t y  i s  i n  acco rd  w i th  r e c e n t  
u a s s  iheasureiuents on t h e  n u c l e i  invclwecl i n  a p o s s i b l e
" m il
t r a n s i t i o n .  Some ev idence  v;as found f o r  a lp h a  a c t i v i t y144
in  th e  s o u rc e .  I f  c h a r a c t e r i s t i c  o f  Nd , th e  observed  
a lp h a  em ission r a t e  co r re sp o n d s  to  a h a l f - l i f e  o f  n o t
15l e s s  t h a n  2 x 10 y e a r s  f o r  t  he i s o t o p e .
- 3 4 -
4j_ A S&ARCK FOR MTI.IHAL ILdDIC-ACTIVITY IH HHENimi AITD C3LIIUM.
I n t r o d u c t i o n .
Rhenium and osmium each c o n t a i n  an i s o t o p e  o f  nom inal  
mass 187 in  the  n a t u r a l  m ix tu re  o f  i s o t o p e s .  S ince  
th e  e lem ents  a r e  n e ig h b o u r in g  s p e c ie s  in  the  n u c l e a r  t a b l e  
(Z B 75 and 7h r e s p e c t i v e l y )  s t a b i l i t y  r u l e s  su g g es t  t h a t
187 187e i t h e r  Re or Cs sho u ld  be r a d i o - a c t i v e . 187Some o f  th e  e a r l i e r  s t u d i e s  (1 -3 )  su g g es ted  t h a t  Os 
was r a d i o - a c t i v e  by li e l e c t r o n  c a p t u r e ,  bu t  no such  a c t i v i t y  
c o u ld  be d e t e c t e d  by b e l i / g e r  and B r a a t  (4) or by IC a la r e t t187and Libby ( 5 ) . /T h e i r  f o i  l u r e  to  d e t e c t  K c a p tu r e  in  Os 
l e d  the  l a t t e r  e x p e r im e n te r s  t o  examine rhenium as a s o l i d  
so u rce  01. th e  waj.1 o f  a Geiger c o u n te r ,  and ev idence  f o r187
b e ta  decay  in  rhenium was c lahned .  The h a l f - l i f e  o f  Re12
was g iv e n  as ( 4 t l )  % 10 y e a r s , and by a b s o r p t i o n  in  
ajii-r'.nium th e  maximum energy o f  em is s io n  of be ta  r a y s  
was found to be 43 Kev. These r e s u l t s  w ere ,  in  t h e  m ain ,  
conf irm ed  by Sugarman and R ic h t e r  (6) who exc.miined p u r i f i e d  
rnenium in  the  same ap^^ara tus , R ecen t  worn by Gautne 
and 3j-um (7) app ea red  to  confirm  t h a t  tne  e n d -p o in t  o f  
th e  o e ta  r a y  aj^ectrum o c c u r re d  a t  ao o u t  40 Lev.
- 3 ; -  .
On th e  b a s i s  o f  t h e s e  r e s u l t s  th e  lo g  f t  Value i s  a b o u t  
1 7 . 7 * which s u g g e s t s  a t h i r d - f o r b i d d e n  t r a n s i t i o n .  The
187 jof  Re htis been found (8) to  be 2 ,  so t h u t  from tn e187
p o s i t i o n  of Re i n  th e  o rd e r  o f  n u c l e a r  s h e l l  f i l l i n g ,1the  odd p ro to n  must i n h a b i t  a d 2 l e v e l  ( 9 ) .  Thus th e187 187ground s t a t e  o f  R e  has  even p a r i t y .  The s p in  of Os
was unknown when the  work d e s c r ib e d  i n  t h i s  c h a p te r  was
cone ,  but  on s h e l l  t h e o r y  i d e a s  ( 9 ) i t  seemed j o s s i b l e  t h a t  th e
187 i   ^ i ll a s t  odd n e u t ro n  in  Os m igh t  occupy an h2 or even an i  2 
l e v e l .  This would malce th e  decay  e i t h e r  t h i r d  o r d e r / -  
f o r b i d d e n ,  or f o u r t h  f o r o i a d e n  w i th  A“- 4  (n o ) .
j t re ln i i i i ia ry  exp e r im en ts  h e r e ,  u s in g  a p r o p o r t i o n a l  
c o u n te r  l i n e d  w i th  a luminium, s u g g e s te d  t h a t  rheniuaii v;as 
indeed  b e t a - a c t i v e ,  bu t  w i th  a t r a n s i t i o n  energy  o f  400 Kev. 
These r e s u l t s  were s u b s e q u e n t ly  p roved  to  be e r r o n e o u s , 
because the  a p p a re n t  b e t a - a c t i v i t y  v;as sho^m to  o r i g i n a t e  
in  th e  aluminium f o i l  c a r r y i n g  th e  rhenium Sample. The 
e lu n e n t  has  s in c e  been g iv e n  a more tho rough  ex am ina t ion  i n  th e  
s t e e l - l i n e d  c o u n te r .
d:anRIMdNTAL iROCnDLTih.
The Some a p p a ra tu s  aiic t e c n n iq u e s  were employee as  
in  the  exam inat ion  o f  neodymium. Sources  were p re p a re d  from 
s p e c t r o g r a p h i c a l l y  p u re  rhenium m e ta l .  The m e t a l ,  in  th e
form of a very f i n e  d u s t ,  v/as sh a k en up w i th  amyl a c e t a t e
w’h i c h  c o n ta in e d  a t r a c e  o f  ny lon  to  cause tn e  m e t a l  t o  adhere
to  t h e  w a l l  o f  th e  c o u n te r .  T\^ io s o u r c e s ,  c o n t a i n i n g  0.617 gm,
and 0 .3805  gm. o f  rhenium r e s p e c t i v e l y ,  were prepai^ed2
and s p re a d  over $00 cm. o f  c o u n te r  w a l l ,  and examined, 
background measurements were made u s ing  th e  same s t e e l  
c a tn o d e s  in  o rd e r  to  e l im in a t e  tn e  e f f e c t s  o f  any s l i g h t  
r a d i o - a c t i v e  c o n ta m in a t io n  w i th in  t h e  s t e e l .  The energy  
s p e c t r a  o b ta in e d  v / i th ,  and w ù th o u t ,  the  so u rce  sample a r e  
shown in  F ig .  5* f u l l - , and b r o k e n - l in e  h i s to g ra m s  
r e s p e c t i v e l y .  The two s e t s  o f  s p e c t r a  cover  th e  energy  
range  from 3 .3  to ^A-0 Kev.
KmcULTb DIbCbsblOk.
An exam inat ion  of  tne h i - h  ene rgy  s p e c t r a  o f  F ig .  5 
shows t h a t  t h e r e  i s  no s i g n i f i c a n t  d e p a r tu r e  o f  th e  s o u r c e 4- 
background spec trum  from th e  background. The t o t a l  number 
o f  p u l s e s  c o l l e c t e d  in  t h i s  energy  range  con f irm s  th e  
ab sence  of any r a d i a t i o n s  from th e  s o u rc e .  These ax’e : -
Background, p e r  I s  hou rs  = 13,030 ^  114 co u n ts
i jackground -I* sou rce  , pe r12 h o u rs .  r  13 ,043 ^  114 coun ts
in c r e a s e  i n  cou n t in g
r a t e  per  12 hours  z  I 3 -  I b l  c o u n ts .
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FIG. 5 . SPECTRA OF BACKGROUND (DOTTED HISTOGRAM ) AND BACKGROUND-t 
SAMPLES OF RHENIUM ( FULL LINE HISTOGRAM).
of tn e  bource i n to  tne  co u n te r  i s  z e ro ,  w i t h i n  tn e  l i m i t s  
imposed by th e  s t a t i s t i c a l  n a m r e  o f  tiie e v e n t s .
The low energy  (3*3 •" 20 Kev range)  s p e c t r a  show a
s l i g h t  d iv e rg e n c e  betv;een 8 and 11 Kev, but  o th e rw is e  th e  
two cu rv es  fo l lo w  each  o th e r  c l o s e l y .  The i n t e g r a t e d  
co u n t in g  r a t e s  from 5 t o  20 Kev g iv e
Background, p e r  10 ho u rs  -  1042 t  43 coun ts
Background 4* s o u r c e ,per 10 houi'S r 2112 -  46 counts
in crea se  in  countingr a t e ,  p e r  10 hours  = 270 -  63 counts
Tnis in crea se  waS very sm all compai'ed w ith  approxim ately  4
8  X 10 c o u n t s ,  a l a r g e  p r o p o r t io n  o f  them f a l l i n g  in  th e  
5-20 Kev x'ange, which had been ex p e c ted  from p u b l i s h e d  d a t e  
on th e  r a d i o - a c t i v i t y  of rhenium.
The s l i g h t  peak ing  between 8 and 11 Kev in  t h e  spectrum  
of  F i g . 5* co r re sp o n d s  w e l l ,  in  en e rgy ,  w i th  L x - r a y s  o f  
rhenium (o r  osmium). The em iss io n  o f  x - r a y s  i s  n o t187ex p ec ted  from Re which ,  i f  r a d i o - a c t i v e ,  can  decay on ly  
by n e g a t ro n  e m is s io n .  There i s  no ev idence  f o r  th e  
p re se n ce  o f  a  co n t in u o u s  bet a - r a y  spec trum , and co un t in g  
r a t e  measurements were extended i n  energy  down a s  f a r  as 
1 Kev w i th o u t  showing any b e t a - e m i s s i o n . The l a c k  o f  
e x p e r im e n ta l  ev idence  f o r  the  b e t a  decay o f  Re l e d  t o  th e
187s e a rc h  f o r  i n s t a b i l i t y  in Os which i s  a e s c r i b e d  in  th e
- î 8 -
succeed ing  s e c t i o n s .
L a t e r  v/ork showed t h a t  th e  s l i g h t  L x - r a y  em iss io n  from
rhenium and some, i f  n o t  a l l ,  o f  th e  accompanying r i s e
in  co u n t in g  r a t e  cou ld  be a t t r i b u t e d  to  background e f f e c t s .
In  a n t i c i p a t i o n  o f  t h e s e  r e s u l t s ,  a lower l i m i t  o f  a b o u t -  lo  18710 y e a r s  can be p la c e d  on th e  h a l f - l i f e  o f  He f o r
b e t a - e m i s s i o n , u n l e s s  th e  energy o f  t h e  t r a n s i t i o n  p rove
to be v e ry  low.
A wmAHCh FOR RADIG-ACTIYITY Ik CSmlbm.
A sample o f  osmium was f i r s t  checked f o r  p o s i t r o n  
or K x - r a y  em iss ion  in  th e  sh ie j jL d /  p r o p o r t i o n a l  c o u n te r  
sys tem . A s o l i d  so u rce  v/as p re p a re d  from osmium t e t r o x i a e  
o f  more than  p u r i t y  by re d u c in g  th e  t e t r o x i a e  in  amyl 
a c e t a t e ,  c o n ta in in g  a l i t t l e  ny lon  as an a d h e s iv e .  The 
f i r s t  sou rce  c o n ta in e d  I .5  gm. osmium, and th e  s p e c t r a  
o b ta in e d  w’i t h , and w i th o u t  th e  so u rce  a r e  shown in  F i g . 6 , 
on which the  e n e r g i e s  o f  the  rhenium  K x - r a y s  a r e  i n d i c a t e d .  
The r e s u l t s  out-^ined w i th  t h i s  so u rce  were n o t  c o n c l u s i v e ,  
so th e  spec trum  o b ta in e d  w i th  a t h i c k e r  s o u rc e ,  
c o n ta in in g  7*5 osmium, i s  a l s o  d i s p l a y e d  in  F i g . 6 .
I t  was oovious t n a t  K x - r a d i a t i o n ,  i f  p r e s e n t ,  was o f  low 
i n t e n s i t y ,  even allowing' f o r  th e  low e f f i c i e n c y  o f  the
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FIG.6 . SPECTRA OF COUNTER BACKGROUND (MARKED O ) ,  
BACKGROUND-h 1*5 GM. OSMIUM (DOTTED HISTOGRAM) AND 
BACKGROUND -F 7*5GM. OSMIUM (FULL LINE HISTOGRAM).
c o u n t e r  (4)o) f o r  e l e c t r o m a g n e t i c  r a d i a t i o n  o f  t h i s  e n e rg y • 
il o r  Vi/as t n e r e  ev idence  f o r  a h ig h  energy  p o s i t i o n  spec trum , 
b u t  an  i n c r e a s e  in  uhe h e i g h t  o f  th e  spec trum  a t  low 
e n e r g i e s  was n o ted  when osmium was p r e s e n t  i n  th e  c o u n te r .
The low energy end o f  th e  spec trum  was examined in  
more d e t a i l  w itn  i n c r e a s e d  gas  g a in  in  th e  c o u n te r  and th e  
r e s u l t s  f o r  two d i f f e r e n t  samples o f  osmium a re  disp lu .yed  
in  F ig .  7* Tne s p e c t r a  show/ v e ry  a e f i n i t e  L x - r a y  l i n e s  
v;hich were a t  f i r s t  cresumed to  be L x - r a y s  o f  rhenium187fo l lo w in g  e l e c t r o n  c a p tu r e  in  Os , b u t  t h e  r e s o l u t i o n  
o f  the c o u n te r  was n o t  s u f f i c i e n t  to  d i s t i n g u i s h  between 
L x - r a y s  o f  rhenium and osmium. On t h e  e x p e r im e n ta l
187ev idence  i t  seemed t h a t  Os m igh t  decay by L c a p tu r e  a lo n e ,  
p erhaps  because the d i f f e r e n c e  in  energy  between th e187 187
ground s t a t e s  o f  He and Os i s  so sm a l l  t h a t  K -c a p tu re  
i s  e n e r g e t i c a l l y  im p o s s ib le .  That  such an i n t e r p r e f . a t i o n  
i s  no t  u n re a s o n a b le  i s  shown by n u c l e a r  s t a b i l i t y  c h a r t s
187 187(10) on which Os and He both  l i e  so c lo s e  to  th e  b e t a -
s t a b i l i t y  l i m i t s  t h a t  i t  i s  im p o ss ib le  to  s ay  in  which  
o i  r e c t i  on th e  t r a n s i t i o n  m^y go .  How; e v e r , i t  f i r s t  
remuined to prove c o n c l u s i v e l y  the  absence  o f  K x - r a y  
em iss ion  from osmium. T h is  r e q u i r e d  the  h ig n  d e t e c t i o n  
e f f i c i e n c y  o f  a soaium io d id e  s c i n t i l l a t i o n  c o u n t e r ,  an d ,  as 
i t  happened ,  proved to  be a v i t a l  exj^eriment.
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FIG. 7. SPECTRA OF OSMIUM AT LOW ENERGY.
HISTOGRAM (l) SHOWS BACKGROUND, (2) BACKGROUND -f 
SOURCE OF 7-5 GM. OF O SM IU M /3) THE DIFFERENCE 
BETWEEN I AND 2 . HISTOGRAM (4) REPRESENTS THE 
DIFFERENCE SPECTRUM OF ANOTHER 7 5 GM. SAMPLE 
OF OSMIUM. RHENIUM AND OSMIUM L X-RAY 
ENERGIES ARE MARKED.
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A biiiARCH FOR K X-I.aY nàllSblOl. FROM OüiviTL^ M.
The sodium i o a i d e  c r y s t a l  was a c y l i n d e r ,  0 *7 ” in  
a i a m e te r  and 0 . 7 ” h i g h ,  packed i n  a t h i n  p e r sp e x  c o n t a i n e r  
which was l i n e d  v;ith alumiuiii f o i l  to  r e f l e c t  ohe l i g h t  on to  
th e  ca th o de  o f  a p h o t o m u l t i p l i e r .  The o u tp u t  p u l s e s  were 
a m p l i f i e d ,  l e n g th e n e d ,  and th e n  d i s p l a y e d  on a ca thode  r a y  
tu b e .  The t r a c e  was p h o t o g r a p h i c a l l y  re c o rd e d  and a n a ly s e d  
a s  b e fo re .  T r o v i s io n  was made f o r  pack ing  samples of  th e  
so u rce  round tne  c r y s t a l  c o n t a i n e r  g i v i n g  a g e o m e t r i c a l  
e f f i c i e n c y  ap p ro ach ing  $0 %. The a p p a r a tu s  was h e a v i l y  
s h i e l d e d  v^ith l e a d .  I n  erg y c a l i o r a t i o n s  were made w i th  th e  
4o .7 Kev gcjuma l i n e  of RaD.
S p e c t r a  o b t a in e d  in  t h i s  ex p e r im en t  ar^e shown in  F ig .  8 .  
The background has  a d e f i n i t e  peak a t  a b o u t  75 Kev. when 
osmium (ab ou t  10 gm.) was packed t i g h t l y  round th e  c r y s t a l  th e  
spec trum  showed a d i s t i n c t  change, a  peak ap p e a red  a t  an  
energy  equal  to  the  ene rgy  of osmium K x - r a y s ,  w h i le  th e  
formel peak in  th e  background d i s a p p e a r e d ,  and th e  ba cleg round 
4" so u rce  spec trum  l a y  markedly below background in  t h e  
70-100 Kev r e g io n .  Repeat  expe r im en ts  co n f irm ed  the  
d i f f e r e n c e s  between th e  background and so u rc e  f  backgroundI
s p e c t r a .  A c o n t r o l  exper im en t  u s in g  t u n g s t e n  i n s t e a d  o f  
osmium p ro v id ed  a spec trum  which fo l lov ;ed  th e  osmium +
to
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FIG. 8 .  SPECTRA OBTAINED FROM A SCINTILLATION COUNTER 
SURROUNDED BY OSMIUM (FULL LINE HISTOGRAM) AND BY 
TUNGSTEN (DOTTED HISTOGRAM). THE SMOOTH CURVE IS 
THE BACKGROUND SPECTRUM OF THE CRYSTAL UNDER A 
SHIELD OF LEAD.
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background spectruin  w e l l .
As shown on F ig .  8 ,  the  p o s i t i o n  of the  peaks  i n  th e  
osmium and t u n g s t e n  s p e c t r a  i s  th e  expec ted  p o s i t i o n  f o r  
K x - r a y s  o f  the  two e lem encs .  The o n ly  o th e r  heavy m e t^ l  
n e a r  th e  c r y s t a l  was th e  l e a d  s h i e l d ,  and th e  p o s i t i o n  o f  th e  
peak in  th e  background spectrum s u g g e s t s  t h a t  i t  i s  
c a u sed  by K x - r a y s  from l e a d ,  r re su m ab ly  th e  x - r a y  
em iss io n  a r i s e s  from th e  i n t e r a c t i o n  o f  cosmic p a r t i c l e s  o r
gamma r a d i a t i o n  w i th  th e  l e a d  in  th e  s h i e l d .  I t  seems
p ro b a b le  t h a t  th e  change in  the  shape o f  t h e  spec trum  which 
was observed  v/hen e i t h e r  osmium or  tu n g s te n  su r ro u n d e a  
th e  c r y s t a l  can b e s t  be e x p la in e d  by assuming t h a t  t h e
m e ta l s  f i l t e r e d  the  l e a d  x - r a d i a t i o n  ou t  o f  th e  background.
The a b s o r p t i o n  o f  th e  background x - r a y s  in  osmium or 
t u n g s t e n  would e x c i t e  c h a r a c t e r i s t i c  K x - r a d i a t i o n  o f  
th e  two m e t a r s , p roduc ing  the  peaks observed  i n  t h e i r  
s p e c t r a .
The s c i n t i l l a t i o n  co un te r  ex p e r im en ts ,  t h e r e f o r e ,  
gave two im p o r ta n t  r e s u l t s , The f i r s t  was t h a t  t h e r e  i s  
no K x - r a y  em iss ion  from osmium which can be a t t r i b u t e d  
to  K c a p t u r e .  This  fo l lo w s  from th e  e q u a l i t y  o f  th e  
x - r a y  peaks o f  oaaium and tu n g s te n  in  F ig ,  8 .  A lthough  
th e  mass o f  t u n g s t e n  pcicked round th e  c r y s t a l  was tw ic e
—4-2—
th e  mass of  osmium, th e  i n t e n s i t y  o f  x - r a y  em iss ion  from 
th e  two Scmiples was e x p e c ted  to  be ap p ro x im a te ly  eq u a l  
because  the  number o f  l e a d  x - r a y s  in  t h e  background would be 
th e  Some in  both ex p e r im e n ts .  This i s  borne out  by th e  
e x p e r im e n ta l  r e s u l t s ,  l e a v in g  no room f o r  x - r a y  em iss io n  
from o th e r  c a u s e s .  The second p o i n t  b rougnt  out by th e  
exper im ent  v/as t n a t  t h e  background in  a l e  a d - s h i e l d e d  
system c o n ta in s  a smo.ll amount o f  c h a r a c t e r i s t i c  K x - r a y s  o f  
l e a d .  The sane presumably n o la s  f o r  any s h i e l a i n g  e lem en t .
r m  BACKGHOblTD OF PROPORTIONAL CObNTEH.
The p r o p o r t i o n a l  c o u n te r  system was a l s o  s h i e l d e d  v / i th  
l e a d ,  a l th o u g h  about  h a l f  o f  tn e  in n e r  s u r f a c e  o f  th e  s h i e l d  
was h idden  from th e  c o u n te r  by an  in ch  t h i c k n e s s  o f  i r o n .  
S ince  th e  e f f e c t i v e  s u r f a c e  ar*ea o f  the  p r o p o r t i o n a l  tube  
was abou t  1000 sq .  cm. , w h i le  t h a t  o f  th e  sodium io d id e  
c r y s t a l  was only  12 .4  s q . c m . , the l e a d  x - r a d i a t i o n  
i n c i d e n t  on th e  w a l l s  o f  th e  p r o p o r t i o n a l  c o u n te r  would 
be abo u t  8o t im es  a s  i n t e n s e  as t h a t  on th e  c r y s t a l .
Allowing f o r  th e  s t e e l  co ve r ing  h a l f  o f  th e  l e a d ,  t h i s  
f i g u r e  i s  reduced  to  4 0 . much o f  th e  r a d i a t i o n  would be 
ab so rb e d  in  th e  w a l l s  o f  xhe c o u n t e r ,  bu t  about  2^ 
cou ld  p e n e t r a t e  to th e  co un t in g  volume. Tnis  means t h a t  oi>out 
th e  same i n t e n s i t y  o f  l e a d  x - r a y s  e n te r  tne  p r o p o r t i o n a l
—4^ —
c o u n te r  as  e n t e r e d  the  s c i n t i l l a t i o n  c o u n te r .
Under norm al circuiLS Lances no t r o u b l e  would a r i s e
because o f  th e  low e f f i c i e n c y  o f  th e  c o u n te r  a t  th e s e
e n e r g i e s .  I f ,  however, a t h i n  l a y e r  o f  a heavy element
covered  th e  w a l l  o f  t n e  c o u n t e r ,  some o f  th e  x - r a y s  would
p h o to -be ab so rb ed ,  cau s in g  th e  em iss ion  o f  to v ^ -e n e rg y /e le c t ro n s  
and th e  c h a r a c t e r i s t i c  x - r a a i a t i o n  o f  tn e  e lem ent .  Once 
a g a in  th e  K x - r a y s  would be d e t e c t e d  . wt r ^ e l y ,  bu t  L x - r a y s  
fo l lo w in g  the IC em iss ion  would ir ve a h ig h  chance o f  
being  d e t e c t e a .  I t  seemed j u s t  p o s s i b l e  t h a t  the  L x - r a y s  
p r e v io u s l y  ob se rv ed  to be e m i t t e d  from osmium might be
causea  by t h i s  mechanism r a t h e r  th a n  by L e l e c t r o n  c a p tu r e187in  OS . r t i r t h c r  e x p c r f a e n t s  i.ert; d e s ig n e e  to  checn
t h i s  ^ o s s i o i l i t y .
a  Sil'JCCH fC h  o tlln S IO I. UF n  :C -IbQ I..T aO n FHOm
W»m e t a l s , p la t in u m  and t u n g s t e n ,  were used  f o r  t n i s
2
i n v e s t i g a t i o n .  i l a t i n u m  f o i l s ,  $4 .6  m.gm./cm. t h i c k ,  were
p la c e d  round th e  i n s i d e  of th e  c o u n te r  and s p e c t r a  were
t^nen  in  th e  u s u a l  way. The t u n g s t e n  Scua^le was exouiined
as a l a y e r  o f  m e t a a l i c  powder mixea w i th  a a n e s iv e  and2
approxim ateuy 10 m.gm./cm. t h i c k .  The s p e c t r a  a r e  shown in  
Fi_ . 9 , v . i th  a  background spec trum  f o r  comj^arison. L x - r a y  
peaks ai'e p rom inent  in  th e  s p e c t r a  of tiie tvo e le m e n ts .
Since th e re  i s  no r e a s o n  fo r  s u s p e c t in g  any n a t u r a l  e l e c t r o n  










8  5 0 -
25
2 0  KEV
FIG. 9. SPECTRA OF RADIATIONS OBTAINED FROM 
SAMPLES OF PLATINUM (I ) AND TUNGSTEN (2) 
COMPARED WITH BACKGROUND (s ).
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doub t  t h a t  th e  x - r a y  em iss ion  i s  a baci^ground e f f e c t .  The 
i n t e n s i t y  o f  t h e  r a d i a t i o n  from the  t h r e e  sam paes ;-
2
Osmium (8 .3  mgm./cm* t h i c k )  38 c o u n ts /h o u r
2tu n g s te n  (1 0 .2  mgm./cm. t h i c k )  43 c o u n ts /h o u r
2
p la t in u m  (^ 4 .6  mgm./cm. t h i c k )  80 c o u n ts /h o u r  
s u g g e s t s  t h a t  a l l  o f  t h e  x - r a y  em iss ion  fi^m osmium 187can be ac c o u n te a  f o r  t n i s  way. I t  i s  concluded  t h a t  i f  Os
15ito r a d i o - a c t i v e  i t s  h a l f - l i f e  must be g r e a t e r  than  10 y e a rs  
to e x p la in  th e  f a i l u r e  to  d e t e c t  any e l e c t r o n  Capture 
a c t i v i t y .  I f .  a s  f u r t n e r  ev iaence  d i s c u s s e d  in  th e  nex t
187s e c t i o n  s u g g e s t s ,  Re i s  the  u n s t a b l e  i s o t o p e  o f  th e  p a i r
187then  Os i s  c o m p le te ly  s t a b l e  a g a i n s t  e l e c t r o n  c a p tu re  
d e c a y .
I n t e r a c t i o n  o f  th e  b' ckground x - r a y s  v^ith th e  sample 
can s i m i l a r l y  e x p l a i n  t h e  s l i g h t  x - r a y  peak n o te d  in  th e  
rhenium spectrum  ( F i g . 5)* The o c c u r re n c e  o f  L x - r a y s  in  
such c i r c u m s ta n c e s  has n o t ,  so f a r  a s  t h e  a u th o r  i s  awai‘e, 
been demonsti*atea b e f o r e , a i tn o u g n  i t  i s  w orth  p o i n t in g
113out  t h a t  th e  L x - r a y  em iss ion  from I n  oo se rv ed  by 
Cohen ( 11) ,  and a t t r i b u t e d  to L e l e c t r o n  c a p t u r e ,  m ight 
have o r i g i n a t e d  in  t h i s  v;ay.
- 45-
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................    GI-GUt .........
S ince  p r e l i m i n a r y  r e p o r t s  o f  th e  n e g a t i v e  r e s u l t s
187o f  the  p r e s e n t  s e a r c h  fo r  r a d i o - a c t i v i t y  in  Re appeared  
in  p u b l i c a t i o n  ( 12 ) i t i r t h e r  work has  been r e p o r t e d  by 
o t h e r s .  L ib b y ’ s g roup  has  r e v i s e d  ( I3 )  e a r l i e r  e s t i m a t e s
187o f  trie maximum energy  r e l e a s e  in  th e  decay  o f  He from
1243 Kev to  8 Kev and th e  h a l f - l i f e  from 4 x 10 y e a r s  to  11
l e s s  than  10 y e a r s ,  u s ing  th e  same a p p a r a t u s  as  i n  th e  
e a r l i e r  s t u d i e s  ( 4 , 5)* The r e p o r t  quo ted  a p r i v a t e  
communication from M.G. Mayer who s u g g e s te d  t h a t ,  on s h e l l187model c o n s i d e r a t i o n s ,  the  b e ta  a e cay  o f  He s h o u ld  be only  
f i r s t  fo rb id d e n  w i th  a s p in  change o f  2 . v e r y  r e c e n t
187measureiixent ( 14) o f  th e  s p in  o f  Os co n f i rm s  t h a t  t h e  s p in
187i s  ÿ .  Assuming t h a t  Re i s  b e t a - a c t i v e  and t h a t  i t s
t r a n s i t i o n  i s  f i r s t  forbidde%%^the decay w i l l  obey G-T
s e l e c t i o n  r u l e s  so t h a t
a.Log (W - - 1 ) f t  -  10 a p p r o x im a te ly .
where h ^ i s  th e  t o t a l  energy r e l e a s e  i n  t h e  t r a n s i t i o n .
This  e q u a t io n  can be s o lv e d  g r a p h i c a l l y  f o r  d i f f e r e n t
v a lu e s  of  the  h a l f - l i f e  to g iv e  the  maximum energy  of
decay .  From iso  t o p i c  abundance c o n s i d e r a t i o n s  th-^t th e10
h a l f - l i f e  i s  u n l i k é y  to  be l e s s  t h a n  10 y e a r s ,  which 
shows t h a t  the  maximum p o s s i b l e  ene rgy  a v a i l a b l e  f o r  t h e
- 4 o -
t r a n s i t i o n  w i l l  n o t  exceed 5 Kev. In  th e  ex p e r im en ts
o f  th e  p r e s e n t  s tu d y  no b e t a  r a y s  were observed  w i t h  an
en e rg y  g r e a t e r  th a n  1 Kev. : ^ s  loould su g g es t  t h a t  th e11h a l f - l i f e  must be o f  th e  o rd e r  o f  10 y e a r s  o r  g r e a t e r .
Undoubtedly  th e  p h y s i c a l  n a t u r e  o f  th e  so u rce  examined 
i n  t h e  p i 'o p o r t io n a l  c o u n te r  was no t  r e a l l y  s u i t a b l e  i t  t h t  
energy o f  th e  b e ta  r a y s  i s  ve ry  low, a l th o u g n  Libby  and 
co -w orkers  used  s i m i l a r  s o u rc e s .  R ecen t  exper im en ts  by 
Dr ever  and Ivloljk ( 1 5 ) show t h a t  the  a c t i o n  o f  a pro p o r t i o n a l  
c o u n te r  w i th  low energy  r a d i a t i o n s  ii*om an  i n t e r n a l l y  
mounted soJkl soui'ce l e a v e s  muci  ^ t o  be d e s i r e d ,  and i t  may 
be t h a t  a  G eige r  c o u n t e r  as used  by L ibby  v / i l l  shov; g r e a t e r  
s e n s i t i v i t y  under t h e s e  c o n d i t i o n s .  S ince  i t  now ap p ea rs  
t h a t  t h e  energy r e l e a s e  i s  very  smaiil any f u t u r e  i n v e s t i g a t i o n  
w i l l  p ro b a b ly  r e q u i r e  t h e  e lem ent i n  a s u i t a b l e  g a se o u s  form.
( i i )  RHENIUM BT GL01HYSIC3 .
187AS p o in te d  ou t  by S u t t l e  and L ibby  ( I 3 ) , i f  Re11
decays  w ith  a h a l f - l i f e  o f  l e s s  th a n  10 y e a r s  i t s  decay
187p ro d u c t  Os may be d e t e c t a b l e  i n  a n c i e n t  rh en iu m -b ea r in g187
m i n e r a l s .  The p i 'e sence  o f  r a d io g e n ic  Os i n  sam ples  o f  
rh e n iu m -b e a r in g  m o ly b d e n i te  has  s in c e  been r e p o r t e d  ( l b )
187and t h e  h a l f - l i f e  p e r i o d  f o r  the b e t a  decay of  he p la c e d
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9 11i n  the  ra n g e  5 x 10 to  2 ,5  x 10 y e a r s  from measurements
187o f  th e  aûiouiit o f  Gs in  t h e  samples ( 17) .
There i s  l i t u l e  aoubt  t h a t  th e  d i s c o v e r y  o f187
r a d io g e n ic  Os in  m in e ra l  d e p o s i t s  i s  th e  most s a t i s f y i n g187
d e m o n s t r a t io n  o f  the  i n s t a b i l i t y  o f  Re which has  y e t  been 
g iv e n .  The absence o f  b e t a  r a y s  above  1 Rev su g g e s t s  t h a t  
the  h a l f - l i f e  i s  p ro b a b ly  n e a r  tiie upper  l i m i t  g iv e n  by 
the  g e o l o g i c a l  v^ork. An a c c u r a t e  e s t im a te  o f  the  h a l f - l i f e  
by bo th  g e o l o g i c a l  ana c o u n te r  methods may y e t  prove 
im p o r ta n t  in  c o n n e c t io n  w i th  t h e  p o s s i b l e  o cc u r ren c e  o f  
'bound* b e ta  decay in  some n a t u r a l  r a d io - e l e m e n t s .  T h is  
p r o c e s s ,  i f  a t  a l l  im p o r t a n t ,  may oe e x p e c te d  to  ue e s p e c i a l l y187
so in  th e  decay of  Re because o f  th e  h igh  atom ic nuiiber 
o f  the n u c le u s  and th e  low energy  a v a i l a b l e  f o r  th e  b e t a  
t r a n s i t i o n .  The problem o f  bound b e ta  decay  i n  r e l a t i o n  t o  
the  n a t u r a l  r a a i o - e l e m e n t s  w i l l  be t a k e n  up a g a in  in  
Chapter  8.
( l i i L  IHjj ULTlMn.ïa GËljôrrlVITY OF THij vjQLMIUG
The g e n e r a t i o n  o f  L x - r a d i a t i o n  by th e  background w i l l  
impose one o f  the  f i n a l  l i m i t a t i o n s  on th e  s e n s i t i v i t y  o f  
the  c o u n te r  a r rangem en t .  There  appear  to  be a fev/ ways 
in  which i t  may be p o s s i b l e  to  m i t i g a t e  the  e f f e c t s .  I f  th e  
cause o f  th e  t r o u b l e  i s  m ain ly  l e a d  x - r a y s  and n o t  s o f t
-4 8 -
gamma r a d i a t i o n ,  i t  w i l l  be p o s s i û l e  to  f i l t e r  ou t  t h e  x - r a y s  
by l i n i n g  th e  i n s i d e  of th e  s h i e l d  w i th  t h i c k  s t e e l .
X-rays  g e n e r a t e d  in  th e  s t e e l  have too  low an energy  to  
p e n e t r a t e  the w a l l s  o f  th e  p r o p o r t i o n a l  t u b e .  A l t e r n a t i v e l y ,  
i t  may be p r e f e r a b l e  to  d i s p e n s e  e n t i r e l y  w i th  re ad  and use  
only s t e e l  to s h i e l d  th e  c o u n te r s .  T h is  i s  ad v oca ted  
by Putman ( l8 )  who c o n s id e r s  t h a t  heavy e lem en ts  a r e  
u n d e s i r a b l e  s in c e  some o f  th e  secondary  gamma r a d i a t i o n  i s  
produced by the  decay o f  cosmic mesons,  p r e f e r e n t i a l l y  
s topped  in  h igh  Z m a t e r i a l s .  In  t h e  c o u n te r  a r rangem en t  
fn e  s h i e l d  i s  r e q u i r e d  on ly  to  c u t  o u t  a s  much gauima r a d i a t i o n  
as p o s s iû j .e ,  the  a n t i - c o i n c i d e n c e  r i n g  lïiay be r e l i e d  upon 
jOé remove/ i o n i s i n g  p a r t i c l e s .
Ap&rt from a t t e m p t in g  co^ remove t h e  a g e n t  cau s in g  
th e  L x - r a d i a t i o n  i t  may ue p o s s i b l e ,  to  some e x t e n t ,  to  
remove i t s  e f f e c t s  by c o n t r o l  experimeuuts. These would 
in v o lv e  meaeui'ing background s p e c t r a ,  n o t  w i th  a  c le a n  
s t e e l  l i n i n g  in  th e  c o u n t e r ,  bu t  w i th  a sample o f  a heavy 
elem ent on th e  l i n i n g  to  s im u la te  th e  s o u rc e  a s  c l o s e l y  
as  p o s s i b l e .  I t  would Ujvpear b t s t  to  use  a ne ighbour i rg '  
e lem ent ,  b u t  a danger  a r i s e s  s in c e  th e  background c o n ta in s  
a p r o p o r t i o n  o f  m o n o -en e rg e t ic  r a d i a t i o n .  The s w i f t  
V a r i a t i o n  in  th e  p h o t o - e l e c t r i c  a b s o r p t i o n  n e a r  an 
a b s o r p t i o n  edge may in t r o d u c e  a p p r e c i a b l e  e r r o r s  even between
—4-9—
n e ig h b o u r in g  e lem en ts .  The most s e n s i t i v e  method o f  a l l  
would be to u se  f o r  th e  background d e t e r m i n a t i o n  a sample 
o f  th e  e lem ent  in  which a c t i v i t y  i s  s u s p e c te d .  The sou rce  
c o u la  th e n  be a stmiple o f  eq u a l  mass and s i m i l a r  chem ica l  
c o m p o s i t io n ,  bu t  e n r i c h e d  in  th e  u n s t a b l e  i s o t o p e .
COEGLeSIChS.
No d i r e c t  p ro o f  of  th e  e x i s t e n c e  o f  i n s t a b i l i t y  i n137 187e i t h e r  Re or Os co u la  be o b ta in e d  in  th e  i n v e s t i g a t i o n .  
S u f f i c i e n t  e x p e r im e n ta l  ev idence  vas o b ta in e d  t o  show t h a t  i f ,  as
187tn e  l a t e s t  ev idence  s u g g e s t s .  He d ecays  by n e g a t ro n  e m iss io n
then  th e  energy o f  th e  t r a n s i t i o n  must be v e ry  low, l e s s
th an  1 Kev i n s t e a d  o f  4-0 Kev as p roposed  fo rm e r ly .  T h is11
s u g g e s t s  a h a l f - l i f e  o f  10 y e a r s  o r  more, f o r  a f i r s t  
fo rb id d e n  t r a n s i t i o n .
An x - r a d i a t i o n  o f  low i n t e n s i t y ,  g e n e r a t e d  by cosmic 
r a y  background r a d i a t i o n s ,  was shown to be e m i t t e d  by 
heavy e lem en ts .  T h is  em iss ion  can mask a weak r a d i o ­
a c t i v i t y  u n l e s s  s p e c i a l  p r e c a t i o n s  a r e  t a k e n  to  a l low f o r  
i t s  p r e s e n c e .
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5 . THS :u'.DIO-ACTIVITY OF LUTETIUM. _
I n t r o d u c t i o n .
176N a t u r a l  l u t e t i u m  c o n ta in s  2 . 6 % o f  an i s o to p e  Lu which 
i s  t h e  c e n t r a l  member o f  a  t r i a d  o f  n a t u r a l l y  o c c u r r in g176 176 176
i s o  o a r s  Yb , Lu and Hf . The e x i s t e n c e  o f  a  b e t a176
t r a n s i t i o n  to  Kf i s  w e l l  e s t a b l i s h e d  ( 1- 6 ) w i th  a  maximum -
10en e rg y  of  about 400 Kev and n a l f - l i f e  g r e a t e r  th a n  10 y e a r s .  The 
lo g  f t  v a lu e  o f  a b o u t  18 ,9  c l a s s i f i e s  the  decay a s  a t  l e a s t  
u h i r a - f o r b i a d e n .  F lam uicrsfe ld  (4 ) h o ld s  t h a t  abou t  67% of  th e176GOtal decay r a t e  o f  Lu i s  c o n / t r i b u t e d  by an e l e c t r o n  c a p tu r e  170.
uranch  to  Yb , out S c n a r f f -G o ld h a b e r  ( 5) could  f i n d  no 
ev id en ce  o f  K - c a p t u r e , 176
By measurement, th e  sp in  of the  ground s t a t e  o f  Lu
i s  7 o r  g r e a t e r  (7) and ,  on t h e o r e t i c a l  r e a s o n in g  (8)
j^robably 10±1 . Such a h igh  sp in  can be co m pat ib le  w i th  a
t h i r d  fo rb id d e n  b e ta  t r a n s i t i o n  to an even-even  n u c le u s  o n ly
i f  tn e  t r a n s i t i o n  p ro ceed s  f i r s t  to  an e x c i t e d  s t a t e  of  t h e
d a u g h t e r , A gamma r a y  o f  energy ab o u t  4-vO Kev has  been
Ouservea oy F la im ie rs fe ld  (4 ) but was a t t r i o u t e d  t o  th e  K -c a p tu re
b ranch .  A complex gamma spectrum  d e t e c t e d  by S ch a i ' f f -S o ld h a b e r  ( ) )
and ?oKeV
was found to  c o n ta in  ^mmaa I'ays o f  2 /0  Kev, I80  Kev^in ab ou t  equa l  
i n t e n s i t i e s ,  th e  l a t t e r  being s t ro i^g ly  c o n v e r te d .  This  90 Kev 
r a d i a t i o n  i s  c o n s id e r e d  by Goldhaber and K i l l  (9 ) to  be
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i a e n t i c a l  to th e  89 Kev gammeL ray  kno\.n to  fo l lo w  b e ta  decay170
from tn e  3*75 h r  « i so m er ic  s t a t e  o f  Lu . l a e n t i f i c a t i o n  o f  
tn e  89 KtiV gcumaa r a y  a s  a r i s i n g  in  an L2 t r a n s i t i o n  was mace 
by -.c.Govi/an (lO) from a me assurém ent o f  the K/gamm a r a t  i 'd. 
CoiQhaber and K i l l  propose a aecay  scheme, shown in  Fig'. 1 1 , in
A 76which chc b e ta  t r a n s i t i o n  p roceeds  to  a n  e>.cited s ts . t e  o f  Hf
which th en  decays to  the  ground s t a t e  em it t ing '  t h r e e  gamma
r a y s  in  cascade ,  th e  l a s t  of  which i s  th e  89 Kev t r a n s i t i o n
from a 24- s t a t e  to  the C-hground s t a t e .  Arnold  and S u g i h a f a ’ ( 11)
confirm  th e 'm a in  p o i n t s  of t h e  decay  scheme by showing
co in c id en c e  between the  two h ig h  energy gamma r a y s  and ^ I so
and,ocLween th e  gamma /  0 tu  r a y s .
Good agreem ent i s  observed  between tn e  gaiuta r a y  
e n e r g i e s  and the ^ . red ic t io n s  o f  tne B ohr-M otte lson  r o t a t i o n a l  
aioael o f  the  n u c leu s  ( i2 )  s u g g e s t in g  t h a t  the  f i r s t  t h r e e
17-e x c i t e a  s t a t e s  o f  Kf nave in s  and p a r i t i e s ,  in  o r a e r  o f  
i n c r e a s i n g  e x c i t a t i o n  energy ,  o f  24- , 44- and 6 4- .
Thus, a l th o u g h  a c o n s i d e r a b l e  a.nount o f  work had been
176done on the aecay o f  Lu , the  decay scheme, e s p e c i a l l y  as  
rega i 'ded  a h- Capture b ranch ,  ha a  n o t  been com p le te ly  
confirmed noi* had b e t a  ana gamma ra y  Sj..ectra been p u b l i s h e d .
I t  was w i th  the main i n t e n t : o n  o f  p ro v id in g  th e  s p e c t r a  
•ina proving th e  decay scheme t h a t  a s tudy  o f  t h e  element was 
i n d u c e d  in  t h i s  s e r i e s .
R e c e n t ly ,  Arnold  ( 21) has  re-excmiined tlie gamaia. r a y
176e m is s io n  fo l lo w in g  th e  decay o f  Lu and has  shown t h r e e  
gamma r a y s  o f  energy  3Co, 203 and 89 Kev iii c a scad e .  Ho 
ev id en ce  f o r  K e l e c t r o n  c a p tu r e  was observed  and an upper  
l i m i t  o f  lOA was p u t  on th e  K - c a p t u r e / b e t a  decay b ran ch ing  
r a t i o . This in f o r m a t io n  was n o t  a v a i l a b l e  u n t i l  a f t e r  th e  
co m p le t io n  o f  the  p r e s e n t  s tu d y .
THE PKOlORTIOHkL COUNTLE
T\;o s o u r c e s ,  p re p a re  a  from l u t e t i u m  oxide o f  th e
h i ^ n e s t  b p e c t r o g ra p h ic  p u r i t y ,  were u s e a ,  Gne, o f  l u t e t i u m
2
c h l o r i d e ,  was 0 . 4-9 m.gm./cm. t h i c k  and j^roduced 480 c .p .m .  ,
th e  o th e r  c o n s i s t e d  o f  lu u e t iu m  ox ide  and was on ly  0 .149  m.gm/
2cm. . t h i c k .  Both s o u rc e s  were d e p o s i t e d  on s t e e l ,  bu t  k e p t  w e l l  
v ; i th in  the  c o n f in e s  o f  th e  co u n t ing  volume to  p r e v e n t  
d i s t o r t i o n  o f  th e  spec trum  which can be Caused by e scap e  o f  
p a r t i c l e s  a t  the  ends o f  th e  s e n s i t i v e  r e g io n  of  t h e  coun te r  
F u l l  anui-CO in c id e n c e  shie-taii^g was used  ana the  o u tp u t  
p ho tog raphed  and a n a ly s e d  in  th e  normal way. The spec trum  
observed  from che t h i n  so u rce  i s  shown in  F i g . 1 0 . The 
r e s u l t s  o f  s u b s i d i a r y  ex pe r im en ts  have been f i t t e d  to  t h e  
low energy  end o f  th e  main h i s to g ra m  to  g iv e  a complete  
d i s p l a y  from 5 Kev to  560 Kev.
The f i g u r e  shows a number o f  more or l e s s  d i s t i n c t  
l i n e s  superimposed on a co n t inuous  specurum, which has  an
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FIG.IO. t h e  s p e c t r u m  OF USING A 0*149 MG./CM?
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e n d - p o in t  n e a r  $00 Kev. An L x - r a y  l i n e  ie  p rom inent  
betv.een $ and 10 Kev. TvvO peaks A and B ( 2 $ and 78^ r e s p e c t i v e l y  
a p p e a r  i n  th e  c o r r e c t  p o s i t i o n s  to  be a t t r i b u t e d  t o  K ana  L 
i n t e r n a l  c o n v e r s io n  l i n e s  o f  the  89 Kev gamna r a y  which i s  
known l o  o c c u r .  Three m m .lle r  peaks C ( 12$ Kev), D ( I8 0  Kev) 
and 1 (290 Kev) a r e  p r e s e n t . C and D can be due to  K and L 
c o n v e rs io n  e l e c t r o n s  from a gcimma r a y  neo.r 190 Lev cUid 3 t o  L
c o n v e r s io n  e l e c t r o n s  from a 300 Kev gamma r a y .  These
gaaiiiic r a y s  were observed  a lo n e  i n  l a t e r  ex pe r im en ts  and t n e i r  
e n e r g i e s  d e te rm in e d  more e x a c t l y .
A Fermi p l o t  o f  the  b e t a  spectrum i s  shown in  F i g . 11 
The p l o t  a p p ro x im a te s  c l o s e l y  to two s t r a i g h t  l i n e s  which 
c r o s s  th e  energy  æ cis  a t  42 $ Kev and $10 Kev. The 
d i f f e r e n c e  between the  c r o s s / i n g  p o i n t s  i s  a lm ost  the  sane  
as  th e  ene rgy  of th e  L i n t e r n a l  c o n v e rs io n  l i n e  o f  th e  89 
Kev gamma, and th e  complex n a tu r e  of th e  Fermi p l o t  can 
be a t t r i b u t e d  to  t h e  s u p e r p o s i t i o n  o f  one b e t a  spec trum  
ex ten d in g  from zero  energy  to  a maximum a t  42$ Kev and a
spectrum  c a r r i e d  p u t  a long  the  eneigry s c a l e  by th e  c o i n c i d e n t
a e t e c t i o n  o f  L c o n v e rs io n  e l e c t r o n s  and b e t a  r a y s .  T h is  i s  
a lways so v;hen a complex decay i s  examined i n  cona iL ions  
o f  2 Tt s o l i d  a n g le  co u n t in g  geometry .  The energy o f  the  o e ta  
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FIG. 11.(1). FERMI PLO T OF THE l J^*^BETA  SPE C TR U M . 
(2).THE DECAY SCHEM E OF l J ^ ^  ACCORDING TO  
GOLDHABER AND H ILL .
v;i th  p re v io u s  r e s u l t s  ( j , 4 ) . The strcuighu l i n e  cha .ruc te r  
o f  the  Per-iiii p l o t  would s u g g e s t  'Chc t^ t h e  spec trum  i s  o f  
c l lo w ec  shape b u t  i t  i s  p o s s i b l e  t h a t  th e  complex n a tu r e  
01 rne spec trum  w i th  the  w.auitroi, o f  e l e c t r o n  l i n e s  on tn e  
t r u e  betel spectrtmi would mask any s l i g h t  d e v i a t i o n s  
from the  a l lowed shape .
The c o u n t in g  r a t e  obse rved  from a so u rce  c o n ta in in g  
C.2141 gm. o f  l u t e t i u m  oxide WaS 4 8 0 ± 1C c .p .m .  Allowing f o r  
a b s o r p t io n  in  t h e  s o u rc e ,  the counti i :g  g e o m e t ry , 
b a c k s c a t t e r i n g  o f  e l e c t r o n s  from the s t e e l  l i n i n g  o f  th e  
co u n te r  and the  mode o f  d ecay ,  t h i s  corresj^onds to  a h a l f -  
l i f e  o f
10(4 . 1] t  0 . 20) X  10 y e a r s .
f o r  th e  Lu i s o t o p e .  The log  f t  v a l u e ,  18 .77  f o r  a 
425 kev t r a n s i t i o n ,  appears  to  c l a s s i f y  th e  decay  a s  a t  l e a s t  
t h i r d - f o r b i d d e n .  These vdLues a r e  s l i g h t l y  a i i f e r e n t /  from 
th o s e  g iv e n  in  th e  p u b l i s h e d  acco un t  o f  t n i s  work ( l b ) ,  t n i s  
being due t b  th e  use o f  an  in c r e a s e d  f i g u r e  f o r  the  
b a c k s c a t t e r i n g  o f  e l e c t r o n s  from s t e e l .  The new 
b a c k e c a t t e r i n g  f a c t o r ,  0 . 4 $, i s  d e r iv e d  from t h e  a u t h o r ’ s own 
work v h ic h  i s  d i s c u s s e d  in  Cnapter  7 » T h is  f i g u r e  i s  
c o n s id e r e d  more r e l i a b l e  because the  m easurem ents  were 
mu.de in  a coun t ing  geometry  chosen to  s im u la te  th e  
expe i ' im enta l  c o n d i t i o n s  a s  c l o s e l y  a s  p o s s i b l e .  The
-15—
new v a lu e  i s  s u f f i c i e n t l y  d i f f e r e n t  to  have a p p r e c i a b l e  
e f f e c t s  on some d e r iv e d  v a lu e s  and on th e  c o n c lu s io n s  
drawn from th e  l u t e t i u m  ex p e r im e n ts ,  eS j^ec iar ly  a s  r e g a rd s  
a p o s s i b l e  K-c a p tu r e  branon o f  th e  decay .  However, su p p o r t in g  
ev idence  f o r  the r e v i s e d  branch ing  r a t i o  i s  good,  but  
t h e s e  p o i n t s  w i l l  be d i s c u s s e d  l a t e r .
THE IHTIRHAL GOhYn'HblOh mLliCTHQHbl
The i n t e r n a l  c o n v e rs io n  l i n e s  from th e  89 Kev gaimma
r a y  a r e  shown in  d e t a i l  in  P ig . % The c a l c u l a t e d
p o s i t i o n s  o f  the  e x p e c ted  g roups  a r e  marked. Because o f  trie
n e c e s s a r y  source  t h i c k n e s s ,  complete r e s o l u t i o n  o f  t h e  l i n e s
was n o t  o b ta in e d  b u t  th e  approx im ate  r e l a t i v e  i n t e n s i t i e s
o f  the  group(^s a g re e  w i th  th e  measurements  made by
K i h e l i c h  and Church ( 14) on th e  a r t i f i c i a l  isom er .  S ince
M ih e l ic h  and Churcn showed t n a t  one e m p i r i c a l  v a lu e s  o f  ohe
K and L i n t e r n a l  co n v e rs io n  c o e f f i c i e n t s  c l a s s e d  th e  89 Kev
t r a n s i t i o n  as  E2 , the  89 Kev gamma obse rved  to  fo l low  liie
176b e ta  decay o f  th e  lo n g ; - l iv e d  ground s t a t e  o f  Lu may be 
ta k e n  as  a r i s i n g  in  a t r a n s i t i o n  between th e  same tv/o 
s t a t e s  in  Hf i n  acco rd an ce  w i th  the  decay sen  erne o f  
F i g . 11 .
C a l c u l a t i o n s  based on r e l a t i v e  i n t e r n a l  co n v e rs io n  
c o e f f i c i e n t s  o f  M ih e l ic h  and Chui'ch and on th e  K/gamm a
Iÿ.
u
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FIG.I3. L X-RAYS OBSERVED IN THE DECAY OF NATURAL 
LUTETIUM-176 .
r a t i o  o b ta in e d  by Mc.Gowan (10) f o r  the  a r t i f i c i a l  idomer
ehow t h a t  gaianki r a y s  v . i i l  be e m i t t e d  in  some o f  tlie 89 Kev
t r a n s i t i o n s .  The p r o p o r t i o n a l  c o u n te r  was u sed  to  s ea rch  f o r
t h i s  expected  gamma r a d i a t i o n .  The so u rce  was covered  w i th  a  
2
$00 m.gm./cm. s h e e t  o f  s t e e l  to  a b s o rb  a l l  p a r t i c l e  r a d i a t i o n  
and th e  spectrum i s  shown in  T i g . 1 4 . The ex p ec ted  89 Kev 
l i n e  i s  p r e s e n t  cind the  93 Kev K x - r a y  peak i s  e v id e n t .  
Allowin^ f o r  changes in  th e  amount o f  a b s o r p t i o n  i n  the s t e e l  
and the d i f f e r i n g  e f f i c i e n c y  o f  th e  c o u n te r  f o r  th e  x - r a y s  
c^nd tne  gamma r a y s ,  une obse rved  K/gmmma r a t i o  i s  3-9? 
compared w i th  mc.Gowan’ s v a lu e  of I . 3  f o r  uhu a r t i f i c i a l  
so u rc e .  Allovjing fo r  c o n t r i b u t i o n s  to  t h e  x - r a y  peak from  
i n t e r n a l  co n v e rs io n  o f  th e  h ig n e r  energy  gamma r a y s , 
assuming Z.Q. t r a n s i t i o n s ,  the r a t i o  i s  ex p e c ted  t o  be 
4 . 4 . This  a g re e s  w e l l  w i tn  the observed  v a l u e ,  c o n s id e r in g  
th e  v e ry  low e f f i c i e n c y  o f  the p r o p o r t i o n a l  c o u n te r  f o r  
e le c t r o m a g n e t i c  r a d i a t i o n  a t  t h e s e  e n e r g i e s .
In  a n t i c i p a t i o n  of  ex p e r im e n ts  showing th e  p re se n c e  
o f  gamma ra y s  o f  190 Kev and 3IC Kev energy i t  was s u g g e s te d  
t h a t  th e  peaks G,D and E in F ig .  10 were i n t e r n a l  c o n v e rs io n  
e l e c t r o n s  from th e s e  t r a n s i t i o n s .  From the  s i z e  o f  th e  
peaks e s t i m a t e s ,  n e c e s s a r i l y  rough , were made o f  th e  amount 
o f  i n t e r n a l  co n v e rs io n  undergone by th e  gomma r a y s .
Comparison wicn th e  t h e o r e t i c a l  v a lu e s  o f  nose e t  a l .  ( 15)
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FIG.I5. GAMMA SPECTRUM OF LUTETIUM OBTAINED WITH 
SCINTILLATION COUNTER.
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&hov;ed thcct the  e v id en c e  seemed to  f a v o u r  e l e c t r i c  quadrupo le  
t i ' a n s i t i o n s , which a g re e s  v^ith th e  above c a l c u l a t i o n s  on th e  
h/gai'iima r a t i o .
176THË POaLIBILITY OF .aL3CTR0I" C^FTIIRE i r  LU
A K-capLure b ran ch  of th e  decay may be e x p e c te d  to  show 
up by em ission  o f  L x - r a y s  fo l lo w in g  K -c a p tu re .  As a l r e a d y  
shown (F ig .  10) 5 L x-ra^-s were o b se rv e d ,  ana  F i g . 1 j  shows the  
L x - r a y  peak in  more d e t a i r .  dome o f  th e s e  x - r a y s  must a r i s e  
in  h ana L c o n v e rs io n  o f  89 hev gamma r a ^ s a n a  o f  tn e  o th e r  gamaa 
r a y s  fo l lo w in g  th e  beUa u r a n s i t ^ o n .  On making allov/ance f o r  uhe 
2 tt  g e o m e t ry , b a c k s c a t t e r i n g ,  and t h e  d e t e c t i o n  o f  b e ta  r a y s  
and c o n v e rs io n  e l e c t r o n s  in  c o in c id e n c e  w i th  th e  x - r a y s ,  i t  
Can be shown t h a t  some of th e  L x - r a y s  a r i s i n g  in  th e  
b e t a  decay branch  can appeal* a lone  i n  th e  c o u n te r  and c o n t r i b u t e  
to  th e  L x - r a y  peak .  On th e  o t h e r  nand th e  c o u n te r  should  
' s e e '  ^0% o f  th e  x - r a y s  fo l lo w in g  K or L c a p t u r e .  This  s t a t e  
o f  a f f a i r s ,  so f a v o u r a b l e  to th e  d e t e c t i o n  o f  e l e c t r o n  
c a p t u r e ,  was u sed  to  p u t  a l i m i t  on the  amount o f  K -c a p tu re  
whicn cou ld  be p r e s e n t .  I t  was found t h a t  only  cfbout 46% o f  
the  L x - r a y s  a c t u a l l y  observed  in  th e  p r o p o r t i o n a l  c o u n te r  
cou ld  be ac co u n ted  f o r  oy tne  b e t a  decay branch  o f  th e  
t r a n s i t i o n ,  assuming a  f l u o r e s c e n c e  y i e l d  o f  0 .2 0  f o r  
Hf L x - r a y s  ( l o ) .  I f  ta.e rem ain ing  $4% o r i g i n a t e  in  an
-5 8 -
e l e c t r o n  c a p tu r e  b ranch  the  r e s u l t s  s u g g e s t  t h a t  e l e c t r o n  c a p tu re  
t r a n s i t i o n s  amount to  7% of tho se  i n  th e  b e t a  decay b ran ch .
This v a lu e  had to  be m o d i f ie d  to  t a k e  ac co u n t  o f  L x - r a y s
a r i s i n g  i n  th e  i n t e r n a l  co n v e rs io n  o f  gamma r a y s  fo l lov / ing  
e l e c t r o n  c a p tu r e ,  as  shown l a t e r .
U n f o r tu n a t e l y ,  t h e  r e s o l u t i o n  o f  th e  c o u n te r  v/as n o t  
s u f f i c i e n t  to  s e p a r a t e  th e  x - r a y  g ro u p s .  However, th e  expec ted  
p o s i t i o n s  o f  L x - r a y  l i n e s  o f  hafnium and y t t e r b i u m  marked 
on F ig .  13 snow t h a t  the  shape o f  the  spec trum  i s  n o t
i n c o n s i s t e n t  w i th  th e  p resence  o f  x - r a y  g roups  o f  both
e lem en ts .
17b
THE (Wvmn ILIITTHD IN TKk DHCAY OF LU
F u r th e r  in f o r m a t io n  about th e  gamma r a y s  e m i t t e d  i n  the  176decay  o f  Lu was so ug h t  by th e  u se  o f  sodium io d id e  
s c i n t i l l a t i o n  c o u n t e r s .  T ha l l ium  a c t i v a t e d  c r y s t a l s ,  ^**long 
and in  d ia m e te r  were u se a .  The s o u rc e ,  o f  l u t e t i u m  
o x id e ,  was mounted in  a w e l l  d e f in e d  p o s i t i o n  a t  the  end 
o f  the  c r y s t a l ,  v a t n  s u f f i c i e n t  a b s o r b e r  to  s h i e l d  th e  
c r y s t a l s  from b e t a  r a y s . The gamma l i n e s  were compared203w i th  th e  279 Kev gamma l i n e  and th e  K x - r a y  l i n e  o f  Hg f o r  
energy  d e t e r m i n a t i o n .
The gamma ra y  s p e c t r u #  o b ta in e o  from th e  s o u rc e ,  
exoiiiined by a s i n g l e  c r y s t a l ,  i s  shown in  F ig .  1 ^. L ines
a t  31G± 1 0  Kev and 190 ± 10 Kev a r e  d i s t i n c t .  A s t ro n g ’
K x - r a y  l i n e  i s  a l s o  p r e s e n t  a t  ab o u t  53 Kev. C a l c u l a t i o n s
showed t h a t  many o f  t h e  x - r a y s  a r o s e  from th e  a b s o r p t i o n  of2
gamma r a y s  in  the  so u rce  which was 0 .4 5  gm./cm. t h i c k .  The 
a lm o s t  complete  absence  o f  89 Kev gcjiimc. r a y s  c o n f i m s  
t h e i r  h ig h  degree  o f  i n t e r n a l  c o n v e r s io n .  The r e l a t i v e  
i n t e n s i t i e s  o f  th e  190 Kev and 3IO Kev l i n e s ,  t a k i n g  in to  
c o n s i d e r a t i o n  th e  e f f i c i e n c y  o f  th e  d e t e c t o r  and so u rce  
a b s o r p t i o n ,  a r e  a lm o s t  e q u a l .  The r a t e  o f  em is s io n  o f  
each gamma r a y  was found to  be a j^proximately  e q u a l  to  th e  
c a l c u l a t e d  b e ta  decay r a t e  o f  th e  s o u rc e .  Evidence 
a e r i v e d  from uhe gamma r a y  s ec trum  i s  t h e r e f o r e  
q u a n t i t a t i v e l y  in  f a v o u r  o f  tne  decay  schelae o f  F ig .  11 .
q u a l i t a t i v e  ev idence  f o r  tn e  e x p e c te a  gamma r a y  cascade  
Vi/as o b ta in e d  from gamma-gamma co in c id e i ice  e x p e r im e n ts .
Tne source  was mounted o e te e e n  tv/o i d e n t i c a l  sodium io d id e  
c r y s t a l s .  The p u l s e s  from each  p h o t o m u l t i p l i e r  tube  a f t e r  
a m p l i f i c a t i o n  were l e n g th e n e d  and f e d ,  one s e t  to  th e  X-, 
t h e  o th e r  a e t  to  t h e  Y- d e f l e c t i o n  p l a t e s  of  a ca thode  r a y  
t u b e .  A b r i g h t e n in g  p u l s e  was f e d  to  th e  g r i d  o f  th e  tube 
when c o in c id e n c e s  w eie  o b ta in e d  between p u l s e s  in  th e  
s e p a r a t e  ch a n n e ls .  Thus th e  d i s p l a y  was a s e t  o f  s p o t s  on th e  
f a c e ^  o f  th e  ca th o d e  r a y  tu b e ,  th e  a b s c i s s a  o f  tlie sp o t  being  
p i^ o p o r t io na l  to  t h e  energy  o f  th e  gamma r a y  d e t e c t e d  in
- b y -
ü:-fe c r y c t a i ,  a ne t h e  o r u i n a t e  o r t i o i i a l  to  th e  energy
ci uhe g\.muja r a y  observed ,  in  c o in c iu e n c e ,  in  the o th ^ r
Oiysta_u. The r e s e r v in g  time of th e  equipment was about
; m ic . 'oseoonas ,  buu tne  cot.'.vtixig; r^ o e  wae vc ry  low so t h ^ t
c..is I'athei" t a r g e  I 'e se rv in g  time was o f  no consequence.
S ec t io n s  o f  tn e  c o in c ice n ce  d is j^ tay  air-e snown in  T i g s , l 6 .
The f i g u r e s  sho^ th e  numbei- ^ f  gmitna r a y s ,  as a f u n c t i o n  o f
energy, ,.hich were observed to  be i n  co in c id ence  w i th
imim. rc.ys l y in g  in  c e r t a i n  bands o f  energ:y, the bands being
chosen to in c lu a e  one o o tn e r  i. the t h r e e  gcimua r a y s ,
bxuj^h 1 ihowa gi.mma ra y s  iii c o in c id e n c e  w ith  g:.mma r^ y s  ty in g
ce tween jOL -n a  j a u  Kev^ ^Tt,ph 2 tho se  in  c o in c id e n c e  with
-LoC-20u Lev giumiia i'a^*s and gi'oup 3 w ith  bc- loC  Lev g amnia
r a y n . IL i s  ocv ious  from Tig. 16 t h a t  tn e  3^0 Lev ana  th e
19c Kev r a y s  a re  in  c o i n c i a e n c c , and t h ^ t  vach a r e  i n•f kKe K-r&js 4rise in intern&l And enternAl K-c<mV^ rtioiCO in c id ence  ciUi 1 %-rays. Since minyj^oi' the  89 Kev gamma
imgs ill th e  t h i c k  so u rce ,  trms i s  tan tam ount  to saying; t h a t  
t i e  th r e e  gamna r a y s , 89 Kev, I 90 Kev c.nd 3^6 Kev a re  in  c a scad e ,  
m e  I'C s u i t s  a re  e n t i i - e ly  in  agreement i t n  the  aecay sen erne 
o f  :OaUaacer c .n d  h i l l .
. VI  _■ _» C o C.» J. 0^.. l 7oThe e x c i t e c  s t a t e s  o f  :.f have been used  in  su p p o r t  o f  
the  3 ohi*-aOttêl son r o t s i t i o n a l  model o f  th e  n u c leu s  (1 2 ) .  In
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t h i s  t h e o r y ,  lo w - ly in g  r o t a t i o n a l  s t a t e a  o f  th e  n u c le u s
a r e  a s s o c i a t e d  w i th  th e  l a r g e  d e fo rm a t io n s  to  be e x p e c te d
in  n u c l e i  where many p a r t i c l e s  l i e  o u t s i d e  c lo s e d  s h e l l s .
The e n e r g i e s  o f  trie lo w - ly in g  s t a t e s  a r e  exp ec ted  t o  be
g iv en  c l o s e l y  by tn e  fo rm ula ,2
S a 1l I  ( I + l ) , I  -  0 , 2 , 4 , 6 , even p a r i t y  
1
The fo l lo w in g  t a b l e  compares th e  observed  e n e r g i e s  o f  
the  s t a t e s  w i th  t h e o r e t i c a l  v a lu e s  g iv e n  by the  ctbove 
e x p r e s s io n ,  iK^xmlised to g i v e  an energy  o f  By Kev f o r  t n e  
f i r s t  e x c i t e d  s t ^ t e .
17oz]xcited  s t a t e  o f  Hf i i .2  E . 4 E.6
nxperimento.1 energy By Kev 279±10 Kev $8yt20 Kev
T h e o r e t i c a l  v a lu e  (By Kev) 2y? Kev 623 Kev
The agreement i s  ve ry  s a t i s f e r a  t o r y ,  and t h i s  e v id e n c e ,
in  a d d i t i o n  to  t h e  amount o f  i n t e r n a l  i . - c o n v e r s io n
undergone by the  t h r e e  gamma r a y s ,  a g r e e s  w i th  tn e
ass ignm ent  o f  sp in s  and p a r i t i e s  o f  24-, 4-^^nd u-hto th e
1/0
f i r s t  t h r e e  e x c i t e d  s t a t e s  o f  Hf . The a s s ig n m e n t  o f  
2+ and 4+t o  the  f i r s t  two s t a t e s  i s  a l s o  in  a c c o r d  w i th  
e m p i r i c a l  r u l e s  d e r iv e d  by b c h a r f f - G o ld h a b e r  (17) f o r  
tne  f i r s t  and second e x c i t e a  s t a t e s  o f  even-even  n u c l e i .
- o a -
The ev idence  f o r  an e l e c t r o n  c a p tu r e  branch  o f  th e
decay was shown t o  depend on ex c e s s  L x - r a y s .  I f  e l e c t r o n
c a p tu r e  o cc u rs  w i th  d e t e c t a b l e  f req u en cy  i t  i s  c e r t a i n17bt n a t  i t  w i l l  p ro ceed  v i a  e x c i t e a  s t a t e s  o f  b  because o f  
the  l a r g e  s p in  change in v o lv ed  in  a g round  s t a t e  to  g r /o u n d  
s t a t e  t r a n s i t i o n .  In  t n i s  r e g io n  o f  th e  n u c l e a r  t a b l e ,  
th e  energy  o f  tne  f i r s t  e x c i t e d  s t a t e  o f  even-even  n u c l e i  
v a r i e s  l i t t l e  from n u c leu s  to  n u c le u s  ( 17) ,  be ing  abo u t  
ICO Kev. „ i t h  t h i s  knowledge i t  i s  i n t e r e s t i n g  to  examine 
î^he e x p e r im e n ta l  s p e c t r a  more c l o s e l y  f o r  f u r t h e r  ev idence  
of tn e  e l e c t r o n  c a p tu r e  b rancn .  Tnis  i s  fo r th -c o m in g  
in  tn e  p re sen ce  o f  two t i n y  peaks marked P in  th e  
gaiima ray  s p e c t r a  of F ig s .  14 and 1$, and a peak r* in  
tn e  spec trum  o f  p a r t i c l e  r a d i a t i o n s  shown i n  F ig .  10. The 
gamma ra y  peaks  P l i e  c lo se  to  115 Kev in  ooth F ig s .  14 and 
15 and P ’ c o r re sp o n d s  to  p a r t i c l e s  w i th  an energy  o f  
a b o u t  105 Kev, be ing  the  c o r r e c t  p o s i t i o n  fo r  L -c o n v e r s io n  
e l e c t r o n s  from a ±15 Kev gamma r a y .  Thus t h e s e  t h r e e  
peaks ,  s e p a r a t e l y  a lm ost  i i x s i g n i f i c a n t , ta k e n  t o g e t h e r  
o f f e r  s t ro n g  p r o o f  f o r  the  p re s e n c e  o f  a h i t h e r t o  
u n s u s p e c te d  gamma r a y .  The normal i^ules f o r  th e  f i r s t  
e x c i t e d  s t a t e s  o f  an even-even  n u c le u s  ( 17) show t h a t  th e176
s p i n  and p a r i t y  o f  th e  f i r s t  e x c i t e d  s t a t e  o f  Yb a r e
a lm o s t  c e r t a i n l y  2 “h . The p re se n c e  o f  a p p r e c i a o i e  P -ccnvers icn
—6 i —
mokes t h e  ass ignm en t  of  t h e  115 Kev gamma r a y  to  a
t r a n s i t i o n  from a 24- s t a t e  to  th e  C-v g round  s t a t e  o f  
176Yb e n t i r e l y  p l a u s i b l e .
In  a d d i t i o n  to  th e  peak P i n  F i g . 15 an o th e r  s m a l l
peak Q may be d i s c e r n e d  a t  an  energy o f  2 50tj_0 Kev. _ I t  i s
p o s s i b l e  t h a t  t h i s  may be ev idence  o f  a n o tn e r  gamma ra y
i n  th e  e lec t i -on  c a p tu r e  b ranch ,  bu t  th e  peak co u la  a l s o
a r i s e  by th e  c o i n c i d e n t  d e t e c t i o n  o f  a l y o  Kev gamma r a y  ana
a K x - r a y  In  t h e  c r y s t a l ,  a l th ou gh  t h i s  p ro c e s s  m ig h t  oe
exp ec ted  to  g iv e  a b ro a d e r  peak .  The o r i g i n  o f  th e  peak
i s  t h e r e f o r e  open to  some d o u b t ,  bu t  i t  i s  w or th  n o t i c i n g
t h a t  th e  energy  i s  a p p ro x im a te ly  whht m igh t  be ex p ec ted
from a 44- to  2 4 - t r a n s i t i o n  on t h e  B o hr-M o tte lson  t h e o r y ,
assuming a 2+ to  O f t r a n s i t i o n  energy o f  115 Kev.
Thus i t  a p p e a rs  t h a t  th e  e x p e r im e n ta l  r e s u l t s  a r e
in  f a v o u r  o f  an e l e c t r o n  c a p tu r e  branch  i n  th e  decay  of 
176n a t u r a l  Lu . There i s  s t ro n g  ev id en ce  f o r  the  e m iss io n  
o f  a I l 5 t l 0  Kev gamma r a y  f o l l o w i i g  th e  e l e c t r o n  c a p tu r e ,  
w i th  the  p o s s i b i l i t y ,  a l s o ,  o f  th e  em iss io n  o f  a 250 Kev 
gamma. These p r o p o s a l s  a r e  i n c o r p o r a t e d  in  t h e  decay  
scheme o f  F ig .  17 whicn WaS drawn up on th e  r e s u l t s  o f  th e  
p r e s e n t  s tu d y .
I f  ga.uma r a y s  fo l low  e l e c t r o n  c a p t u r e ,  th e  L x - r a y s
2 5 0  KEV
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cind e l e c t r o n s  from i n t e r n a l  c o n v e rs io n  o f  t h e s e  gamma r a y s  w i l l  
a l t e r  th e  p r o p o r t i o n  o f  th e  e l e c t r o n  Cu.pture t r a n s i t i o n s  which 
c o n t r i b u t e  to  th e  L x - ra y  peak. C a l c u l a t i o n s  based  on th e  
I : -c o n v e rs io n  c o e f f i c i e n t s  of Hose e t  a l .  and L v a lu e s  o f  
Gellmc^n e t  a l .  (22) show t h a t  th e  i n t e n s i t y  o f  e l e c t r o n  
c a p tu r e  must be changed from t h e  o r i g i n a l  e s t im a te  o f  
o f  th e  b e t a  t r a n s i t i o n s  t o  9/^* F u r th e r  ev idence  f o r  a 
urcuichirg rc i t io  o f  t h i s  mc^gnituae i s  p ro v id ed  by th e ^ o s e rv e d  
r a t i o  o f  th e  i n t e n s i t i e s  o f  t h e  11$ Kev gamma r a y  peak and t n e  
89 nev gamma peak in  uhe p r o p o r t i o n a l  c o u n te r  Sj^ectrum of 
F ig .  14. T h is  a g r e e s  w i th  uhe c a l c u l a t e d  v a lu e  to  \ . i u h in  5:^.
Good agreement i s  a l s o  o b ta in e d  between t n e o r y and exp e r im en t  
f o r  the r ^ t i o  of th e  nuiaber o f  L i n t e r n a l  c o n v e r s io n  e lec tz -ons  
from th e  11$ Kev gamma r a y  and tiie L,M and IT c o n v e r s io n  
e l e c t r o n s  from th e  89 Kev gamma ra^^.
The fo re g o in g  i n t e r p r e t a t i o n  o f  tne  e l e c t r o n  c a p tu r e  
branch o f  th e  decay  i s  o f  r e c e n t  o r i g i n  and based  on th e  
a u t h o r ’ s r e - i n v e s t i g a t i o n  o f  th e  e x p e r im e n ta l  d a t a  u s in g  a 
new v a lu e  f o r  th e  b a c k s c a t t e r i n g  o f  e l e c t r o n s  from s t e e l .
In t h e  p u b l i s h e d  accoun t  of  t h i s  work th e  u se  o f  a 
d i f f e r e n t  b a c k s c a t t e r i n g  f a c t o r  made th e  e l e c t r o n  c a p tu r e  
branch seaii o f  lov i n t e n s i t y  and c*amost co m p le te ly  masked 
by th e  b e ta  decay  oranch.  Thus th e  e x t r a  gamma ra y  pe<uks 
v;ere oVifrlooked. U n f o r tu n a t e l y ,  t h e  a u t h o r  has  now no
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û p p o r tu n i ty  to  check th e  p r e a i c t i o n s  e x p e r im e n ta l ly ,  b u t
i t  would ap pear  t h a t  an expe r im en t  based on a  4tr  co u n t ing
geom etry  in  a  s c i n t i l l a t i o n  c o u n te r  would s e p a r a t e  th e
two branches  o f  th e  decay v e ry  e f f e c t i v e l y .  By i n t e g r a t i o n
in  t h e  c r y s t a l ,  th e  pi-oducts o f  th e  b e ta  decay branch
would produce s p e c t r a  yj i th  b e t a  spec trum  c h a r a c t e r i s t i c s ,
in  o th e r  v;ords, t h e  spec trum  would be co n t in u o u s  over a band
of  e n e r g i e s .  However, t h e  p ro a u c t s  o f  tm e l e c t r o n  c a p t u r e
b ra n ch ,  x-and gaiiima r a y s ,  would produce d i s c o n t in u o u s  l i n e
s p e c t r a ,  and shou ld  be e a s i l y  d e t e c t a b l e  above a p:^minan"L
b e ta  mode o f  decay.
The log  f t  v a lu e  o f  ±8>77 f o r  th e  b e t a  decay s u g g e s t s
a t h i r d  o r  p o s s i b l y  a f o u r t y  f o r b id d e n  t r a n s i t i o n .  The
minimum s p in  change i s  t a d s  A I  •  3 ^nd th e  s p in  o f  the  ground 17os t a t e  of Lu a t  l e a s t  9 u n i t s .  The s i n g l e  p a r t i c l e  
a r b i t a l s  which can co up le  to g iv e  a s p i n  o f  t h i s  o rd e r  a r e  
h and i-| g (R efe rence  l 8 , page 98) .  This  im p l i e s  t h a t
-^0 1 7 0
t h e  p a r i t y  o f  t h e  ground s t a t e  o f  Lu i s  odd. I f  t h i s  i s  s o ,  
then  a f o u r t h  fo rb id d e n  b e ta  t r a n s i t i o n  t o  t h e  6+  l e v e l  o f
176Hf i s  r u l e d  o u t ,  and on ly  a t h i r d  fo rb id d e n  t r a n s i t i o n  
can e x p la in  th e  observed  log f t  v a l u e .  HenceA^ -  3 or 4 ( y e s ) .  
The shape of th e  Fermi p l o t  seems to  r u l e  out th e  
p o s s i o i l i t y A I  -  3 (yes)  which was found  to  a p p ly  in  t h e  case
3701 r;D ( 19) j whose Fermi p l o t  d e p a r t e d  markedly  from th e
/ / - 00 -
a l lo w ed  shape and r e q u i r e d  th e  t h i r d  fo rb id d e n  c o r r e c t i o n
176(2 0 ) .  Thms i t  appears  t h a t  the  ground s t a t e  of Lu may
have a s p in  o f  10 u n i t s  a m  odd p a r i t y .
176Ai^nold (21) h a s  su g g es ted  t h a t  tn e  h a l f - l i f e  of  Lu
may be s n o r t  enough t o  perm it  i t s  u se  in  d a t i n g  e x p e r im e n ts ,170
e s p e c i a l l y  as th e  d a u g h te r  n u c leu s  Hf has  a low i s o  t o p i c  
abundance.  I t  seems u n l i x e l y  t h a t  th e  e x e c t ro n  c a p tu r e  
brcJicn o f  the  decay w i l l  be u s e f u l  in  t h i s  way, in  view
of  i t s  low t r a n s i t i o n s  p r o b a b i l i t y  and th e  c o m p a ra t iv e ly176h ig h  r e l a t i v e  i s o t o p i c  abundance o f  Yb 
CONCLUoIOhb.
10
176N a t u r a l  Lu h a s  been shown to  undergo a b e t a  
( n e g a t ro n )  t r a n s i t i o n  w i th  a h a l f - l i f e  o f  (4.13±.0.20) x 10 
y e a r s ,  fo l lo w ed  by t h r e e  gamma r a y s  in  ca scad e .  The 
observed  e x c i t a t i o n  e n e r g i e s  o f  the  f i r s t  t h r e e  e x c i t e d176s t a t e s  o f  Hf p ro v id e  good agreement w i th  p r e d i c a t i o n s  
from the  Bohr-wiotte lson  r o t a t i o n a l  model o f  t i e  n u c l e u s ,  
and a r e  acco i 'u in g ly  a s s ig n e d  s p in s  and p a i ' i t i e s  o f  
2+, and 6 f ,  co n f irm in g  e a r l i e r  p r o p o s a l s .  T h is  
a s s i g m e n t  p e rm i t s  b e t a  aecay ,  w i th  s i g n i f i c a n t176
p r o b a b i l i t y ,  from th e  ground s t a t e  of Lu ( I  = 10-)17bonly  to  th e  6+ s t a t e  o f  Hf in  acco rd ance  w ith  ex p e r im en t .  
The p re sence  o f  e l e c t r o n  c a p tu r e  to  an e x c i t e d  s t a t e
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176of  Yb seems w e l l  e s t a b l i s h e d .  F a i r l y  c o n c lu s iv e  ev idence
has  been o b ta in e d  f o r  a gamma r a y  (e n e rg y ,  l l $ ± l o  Kev) in  t h i s
branch o f  t h e  decay .  I t  seems p o s s i b l e  t h a t  a second
gcuiima r a y  (en e rg y  ab o u t  2$0 Kev) may a l s o  be e m i t t e d .  The
branch ing  r a t i o  o f  th e  aecay  ( e l e c t r o n  c a p tu r e  t r a n s i t i o n
p r o b a b i l i t y / b e t a  decay p r o b a b i l i t y )  i s  ( ;±1)5^. The17u
proposed  decay acheme f o r  n a t u r a l  Lu i s  shown ii. F ig .  17*
- 6 8 -
6 . THH BIUi'iCHING lUTIO OF P0"TA6bIUM-4C.
I n t r o d u c t i o n .
Although th e  em iss ion  o f  b e t a  r a y s  from p o ta s s iu m  was 
f i r s t  d i s c o v e re d  ( 1 ) i n  190$ and c o n c lu s i v e l y  p roved  two 
y e a r s  l a t e r  (2 ) ,  i t  was n o t  u n t i l  a f t e r  1943, when 
e x p e r im e n ta l  ev idence  f o r  K - e l e c t r o n  c a p tu re  was o b ta in e d  ( 3 ) ,  
t h a t  i n t e n s i v e  i n v e s t i g a t i o n  o f  th e  decay was begun. The 
r e a s o n  f o r  much o f  t h e  v^orx was to  p la c e  on a f i rm  b a s i s  
th e  use  o f  th e  p o ta s s iu m -a rg o n  t r a n s i t i o n  as a means of  
d e r i v i n g  th e  ages o f  po tass ium -bea i- ing  m i n e r a l s .
The p o ta ss iu m -a rg o n  d a t in g  t e c h n iq u e  o f f e r s  d i s t i i i c t
ad v an tag es  over methods making use  o f  o t h e r  r a d i o - e l e m e n t s ,
and ,  in  s p i t e  o f  i n i t i a l  d i f f i c u l t i e s ,  seems to  have g r e a t
p o t e n t i a l i t i e s .  Apart  from the  obvious  advan tage  a f f o r d e d
by th e  w idespread  t e r r e s t r i a l  d i s t r i b u t i o n  o f  p o ta ss ium -
b e a r in g  m in e ra l s  th e  main p o i n t  o f  d i f f e r e n c e  between the  
40 40K - A t r a n s i t i o n  ana ouner n a t u r a l  t r a n s i t i o n s  i s  t n a t  
"Che en d -p ro d u c t  i s  a  ch e m ica l ly  i n e r t  g a s .  T h is  n o t  on ly  
p e r m i t s  t i n y  q u a n t i t i e s  o f  t h e  decay  p ro d u c t  to  be s e p a r a t e d  
from the  mass o f  accompanying m a t e r i a l  w i tn  a f a i r  deg ree  
o f  ease and c e r t a i n t y ,  b u t  a l s o  e n s u re s  t h a t  th e  a rgon  i s  
n o t  l i k e l y  t o  be a p p r e c i a o l y  con tam ina ted  w i th  a rgon  o f  
o t h e r  o r i g i n ,  s i n c e  a tm o sp h e r ic  a rg o n  cou ld  n o t  e a s i l y
- 0 9 -
be t r a p p e d  in  tne  m i n e r a l  a t  the  t ime o f  i t s  f o rm a t io n .
±n t n i s  r e s p e c t  th e  p o ta s s iu m -a rg o n  tech i i iq u e  s c o r e s  h e a v i l y
over  what would o th e rw is e  be a  more s u i t a b l e  method, one40 40in v o lv in g  th e  H -  Ca t r a n s i t i o n  which i s  f a s t e r .  Calcium,
however,  i s  a common c o n s t i t u e n t  o f  ro c k s  and th e  h ig h  
40Ca c o n t e n t  (97%) o f  o r d in a r y  ca lc iu m  e f f e c t i v e l y  mcëcs40th e  p re s e n c e  o f  s m a l l  amounts o f  r a d io g e n ic  Ca in  a l l  bu t  
the  r a r e s t  c a s e s , In  s p i t e  o f  th e  ad v a n ta g e s  o f  an i n e r t  
gas  a s  a decay p ro d u c t  t h e  s e p a r a t i o n  p ro c e s s  r e q u i r e s  
c c n s i a e r a b l e  c a re  and some of t h e  e a r l i e r  measurements  
( 4 ,5 )  e i t h e r  f a i l e d  to  f i n d  a rg o n  in  d a te d  po ta ss iu m  
m i s e r a i s , or  cou ld  show no r e l a t i o n s h i p  between th e  a rg o n  and 
th e  p o ta s s iu m  c o n te n t  o f  t h e  m in e r a l  and i t s  age .  Such a 
r e l a t i o n s n i p  was f i r s t  d em o n s t ra ted  by A ld r i c h  and ITier ( o ) .
method, o f  d a t i n g  which in v o lv e s  th e  u se  o f  a 
r a d i o - a c t i v e  i s o to p e  r e l i e s  f o r  i t s  a c cu rac y  on a  p r e c i s e  
knowledge o f  th e  decay c o n t e n t s  o f  the i s o t o p e ,  much o f
4 0
t h e  r e c e n t  e x p e r im e n ta l  work on t h e  K decay  has  been
aimed a t  o b ta in in g  a c o r r e c t  v a lu e  f o r  the  r a t e  o f  decay  
40t o  A . S ince  th e  b e ta  decay r a t e  i s  more e a s i l y  
d e te rm in ed  i t  h as  become u s u a l  to  r e l a t e  th e  r a t e  o f  decay 
by e l e c t r o n  c a p tu r e  to  th e  b e ta  t r a n s i t i o n  r a t e  by a  
b ra n ch in g  r a t i o  c le f i red  as  where th e  sy ab o ls  r e p r e s e n t  
th e  a p p r o p r i a t e  decay c o n t e n t s .
-7  0 -
Comparison o f  th e  nu-.iber o f  x - r a y s  and Auger e l e c t r o n s
e m i t t e d  from th e  so u rce  w ith  t h e  b e t a  decay r a t e  g i v e s
t h e  b ran ch ing  r a t i o  d i r e c t l y .  A number of  i n v e s t i g a t o r s
(3 ,7 - 1 1 )  have a t tem p ted  d i r e c t  measurements o f  th e  b ran ch ing
r a t i o , w i th  r e s u l t s  v»/hich v a ry  from as  h igh  as  3 or  4
K - c a p tu r e s  pei* b e ta  decay to  l e s s  th a n  C.C/ p e r  b e ta  r a y .
The wide v a r i a t i o n  i s  m ain ly  due to  the  v e ry  low energy
(a b o u t  2 .9 5  Kev) o f  th e  argon K x - r a y  which fo l lo w s  K -c a p tu re  
40in  K , a  f a c t  which makes q u a n t i t a t i v e  work w i th  s o l i d
s o u rc e s  ex t re m e ly  d i f f i c u l t .  So f a r ,  no a t t e m p t  has  been40made to  examine K f o r  K -c a p tu re  in  th e  g ase o u s  s t a t e ,  
owing to  the  d i f f i c u l t y  o f  f i n d i n g  a s u i t a b l e  compound. 
However, r e c e n t  work (12) on th e  o p e r a t io n  o f  p r o p o r t i o n a l  
c o u n t e r s  a t  h ig h  ta n ^ e  a t u r e s  may make such an  i n v e s t i g a t i o n  
p o s s i b l e  in  t h e  f u t u r e .  Of tn e  d i r e c t  d e te r m i i i à t io n s  o f  th e  
b ra n ch in g  r a t i o  th e  most n o t a b l e  experim ent  was t h a t  o f  
Sawyer and vViedenbeck (10) who d i f f e r e n t i a t e d  between b e t a  
r a y s  and Auger e l e c t r o n s  in  a s p e c i a l l y  d e s ig n ed  s c r e e n - w a l l  
G e ig e r  tu b e .  The outcome o f  t h i s  experim ent  was a branching 
r a t i o  o f  0 . 1 3 5 , s u b j e c t  to  a p o s s i b l e  e r r o r  o f  up  to  30>^  
H ap p i ly ,  t h e r e  i s  a n o tn e r  way in  which tne  b ran ch ing  
r a t i o  may be found by c o u n te r  m ethods.  T h is  r e l i e s  on th e  
a s s o c i a t i o n  o f  th e  h igh  energy  gamma r a y  e m i t te d  i n  the
decay w i th  th e  e l e c t r o n  c a p tu r e  b ra n c h ,  ac co rd in g  to  the
decay  scheme on ? i g . l 8 . This  scheme was f i r s t  su g g es ted  ^
in  a s l i g h t l y  m o d i f ie d  form by Suess  ( I 3 ) and su p p o r ted
on t h e o r e t i c a l  g rounds  by i l o r r i s o n  (1 4 ) .  Assuming- t h a t  t h e
40decay  scheme i s  v a l i d ,  the  b ranch ing  r a t i o  o f  th e  K
t r a n s i t i o n  may e q u a l ly  w e l l  be g iv e n  by th e  r a t i o  o f  th e  gamaia
and b e t a  em iss ion  r a t e s .  A number of  d e t e r m i n a t i o n s  o f  th e
gaiài ia-beta  r a t i o  have been made, bu t  once a g a in  th e  r e s u l t s
show c o n s i d e r a b l e  v a r i â t  on. R ecent  v a lu e s  (10 ,1 5 -18 )
ra n g e  from O.05 to  O.127 . D irch  ( 19) c o n s id e r s  t h a t  Sawyer
and U iedenbeck’ s f i g u r e  o f  ^ .127  i s  p ro b a b ly  c lo s e  t o  th e
c o r r e c t  v a l u e ,  and t n i s  i s  a l s o  s e l e c t e d  by Burch ( I 8 )
a s  b e s t .  I t  i s  c lo s e  to  th e  b ran ch in g  r a t i o  de te rm ined
oy th e  same g ro u p  from o b s e rv a t io n s  of  jauger e l e c t r o n s
(1 0 ) .  Thus, a l t h o u g h  th e  sp rea d  i n  e m p i r i c a l  v a lu e s  of
t h e  bi 'aiicning r a t i o  i s  c o n s i d e r a b l e ,  co u n te r  exper im en ts
s u g g e s t  t h a t  the  r a t i o  p ro bab ly  l i e s  between C. 12 and Ü.1 3 .
In a d d i t i o n  t o  th e  fo re g o in g  ’p h y s i c a l ’ methods o f40
d e te n u  in in g  t h e  b ran ch in g  r a t i o  o f  K , two g e o l o g i c a l
methods a r e  a v a i l a b l e .  The f i r s t  i s  s im ply  the r e v e r s e
o f  the  p o ta s s iu m -a rg o n  d a t in g  t e c h n iq u e .  The imiount o f  
40 40K and o f  r a d i o g e n i c  A i n  a sample o f  a  m in e r a l  o f  known
age i s  d e te rm in ed .  Then, assuming th e  r a t e  o f  decay 
40 40o f  K t o  Ga , the  braiiching' r a t i o  may be found. The method
i s  n o t  co m p le te ly  in d ep en aen t  o f  ’p h y s i c a l ’ d e t e r m in a t io n s
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toecüxid more d i r e c t ,  but  l e s s  u n i v e r s a l l y  a p p l i c a b l e
method o b ta in s  th e  b ranch ing  r a t i o  d i r e c t l y  from a
40 40d e t e r m i n a t i o n  o f  th e  r a t i o  o f  r a d i o g e n i c  A and Ca in  th e
m i n e r a l .  In  t h i s  exper im en t  no as  sump t. ions  a r e  r e q u i r e d40
a b o u t  th e  age o f  th e  sample or th e  r a t e  o f  decay of K 40.t o  Ca
A ld r i c h  and T i e r  (6 ) ,  u s in g  th e  mass s p e c t r o m e te r  to  
a n a ly s e  th e  argon  e x t r a c t e d  from v a r i o u s  minerc*! sam ples ,  
found t n a t  t h e  b rancn ing  r a t i o  ap_^e&reoL to  l i e  between 0 .02  
and 0 .0 9 .  Other v a lu e s  n e a r  O.Ou fo l lo w ed  (20 ,21)  and i t  
began to  look as  i f  t h e  p n y s i c a l  and g e o l o g i c a l  expe r im en ts  
gcive i r r e c o n e i l a o l e  r e s u l t s .  T h is  was Glie s t a t e  o f  a f f a i r s  
a t  th e  time when th e  a u t h o r ’ s own work was begun. I t  
seemed p o s s i b l e  t h a t  tn e  p h y s i c a l  d e te r m in a t io n s  o f  th e  
b ra n c h in g  r a t i o  co u ld  be in  e r r o r  by an a p p r e c i a b l e  amount. 
In  view of th e  s e n s i t i v e  a p p a ra tu s  whicn had been deve loped  
f o r  examining' b e t a  e m i t t e r s  o f  low s p e c i f i c  a c t i v i t y  and 
s t e a d i l y  iuipi‘0v in g  t e c h n iq u e s  in  s c i n t i l l a t i o n  co u n t in g  i t
seemed v n r t h  w h i le  r e - d e t e r m in in g  th e  gemima-beta r a t i o  of
40 K .
B efore  p roceed ing  to  an  acco u n t  o f  o r i g i n a l  work 
i t  i s  o f  i n t e r e s t  to  c o n s id e r  more r e c e n t  g e o p h y s i c a l  
ex]-.eriments. The ea i ' ly  low branchiiig  ro - t ios  of O.Oo 
were shov^n to  ce th e  r e s u l t  oi inco m p le te  a rgon  e x t r a c t i o n
( 2 2 , 2 3 ) ,  measurements  g iv in g  ab o u t  0 .C9 . A p ap e r  by - 
S h i l l i b e e r  and R u s s e l l  (24) g i v e s  conv inc ing  ev idence  in  tne  
form o f  cc s e r i e s  o f  age d e t e r m i n a t i o n s  o f  m in e r a l  samples 
w i t h  w id e ly  v a ry in g  ag e s ,  f o r  a branchii]g r a t i o  o f  Û.O8 9 .
The c a l c u l a t i o n s  g iv e  e x c e l l e n t  agreement w i th  ages  found 
by th e  l e a d - r a t i o  and o th e r  m ethods.  The same r e p o r t  
d i s c u s s e s  a nunder  o f  i n v e s t i g a t i o n s  which s e rv e  to  p u t  
t h e  whole potassium-ai"gon d a t in g  t e c h n iq u e  on a f i rm  
p r a c t i c a l  b a s i s .  I t  i s  shown t h a t  a c c i d e n t a l  l o s s  o f  argon in  
th e  e x t r a c t i o n  p ro c e s s  i s  u n l i k e l y .  Similar" c o n c lu s io n s  
a r e  reach ed  by C arr  and Kulp (2 5) from ex pe r im en ts
37i n v o l v in g  th e  u se  o f  t r a c e r  A . There i s  a l s o  c la im ed  
to  be l i t t l e  or no d i f f u s i o n  o f  a rg o n  from l e p i d o l i t e s  or 
f e l d s p a r s  d u r ing  g e o l o g i c a l  t im e .  Gentner e t  a l .  ( 2 6 ) ,
hov/ever, f i n d  ev idence  f o r  d i f f u s i o n  l o s s  from s y l v i t t s .40 40Thus th e  l a t e s t  measurements o f  A and K i n  p o ta s s iu m  
m in e r a l s  su g g e s t  a brmiching rc i t io  of O.09 which i s  
s t i l l  s m a l le r  t h a n  t h a t  g iv e n  by p h y s i c a l  methods.
Only one d e t e r m in a t io n  o f  t h e  b ranch ing  r a t i o  by
40 40d i r e c t  comparison of  r a d io g e n ic  A and Ga i n  a sample 
o f  s y l v i t e ' h a S  been r e p o r t e d  (2 7 ) ,  g iv in g  a b ranch ing  
r a t i o  o f  0 . 12610. 0 0 3 , in  c lo s e  agreem ent  w i th  p h y s i c a l  
measurements .  However, the  p o s s i b i l i t y  o f  a rg on  d i f f u s i o n
from s y l v i t e s  ( 26 ) r a i s e s  some doubts  abou t  th e  v a l i d i t y  
o f  the  r e s u l t .
40D^TiLiCMIhAlIOh CF THH GAMm-BAlA H^TIC OF L . I f i r s t  m e th o d ) .
The i n t e n s i t y  of  th e  gamma r a y  em iss ion  from a sou rce  
o f  p o tass ium  was measured in  th e  a p p a ra tu s  sk e tc h e d  in  
F i g . 19 . The ga^ma r a d i a t i o n  was a e t e c t e d  in  a t h a l l i u m  
a c t i v / a t e d  sodium io d in e  c r y s t a l ,  cy l ind im cap  in  shape ,  2" 
lo n g  and in  d ia m e te r .  The c r y s t a l  was exmnined by aii
3 .M .I .  (Type 6262) P h o t o m u l t i p l i e r  whose o u tp u t  was 
a m p l i f i e d  and fe d  th ro u g h  a p u lse  h e i g h t  d i s c r i m i n a t o r  to  
an e l e c t r o n i c  s c a l in g  u n i t ,  where the  j^ulses were counted .
The r e s u l t s  were o b ta in e d  in  th e  form o f  i n t e g r a l  b i a s  
cu rves  by va ry ing  th e  s e t t i n g  o f  th e  d i s c r i m i n a t o r .  The b ia s  
cu rves  were u s u a l l y  o b ta in e d  by counti i ig  from v o l t a g e  
j^evels correSjyOnuiiig t o  th e  l i b e r a t i o n  o f  about  l o t  Kev 
o f  energy in  the  c r y s t a l  and aownwards u n t i l  tub e  n o i s e  
beccime n o t i c e a b l e  Lbetween 20 and 10 K ev ) . The t o t a l  
coun t ing  r a t e  cou ld  tnen  be o b ta i i e  d by e x t r a p o l a t i n g  th e  
curves  to  ze ro  energy .  This  p rocedure  was co n s id e re d  to 
be more a c c u r a t e  t h a n  cou n t ing  a t  a  f i x e d  b i a s  l e v e l  
because gtmma r a y s  o f  d i f f e r e n t  e n e r g i e s  had to be co un ted ,  
f o r  r e a s o n s  t h a t  w i^ l  be ex^ r â i n e a  p r e s e n t l y ,  hnergy  
C a l i b r a t i o n  f o r  th e  b ia s  cui'ves was made u s ing  th e  46 .7  
Kev l i n e  o f  RaD. S ince  th e  experim ent  was b a s i c a l l y
t .
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FIG. 19. DIAGRAM OF THE APPARATUS USED FOR 
MEASURING GAMMA RAY INTENSITIES IN THE 
FIRST P 0 T A S S IU M -4 0  BRANCHING RATIO 
EXPERIMENT.
"Chu coüipcLrison o f  the  r a t e  of gamina einiesion from two 
s o u rc e s  in  i d e n t i c a l  g e o m e t r i c a l  c o n d i t i o n s ,  t h e  b e s t  way 
o f  e n s u r in g  s i m i l a r  c o n d i t io n ^  was c o n s id e r e d  to  be th e  u s e  
o f  s o l u t i o n s  o f  th e  r a d i o - a c t i v e  m a t e r i a l s .  A c y l i n d r i c a l  
g l a s s  c o n t a i n e r  f o r  th e  s o l u t i o n s  was s e t  over  th e  c r y s t a l  
a s  in  th e  s k e t c h ,  so e n s u r in g  t h a t  th e  s o u rc e s  always 
had  tne same c o n f i g u r a t i o n  r e l a t i v e  to  th e  d e t e c t o r .  S in ce  
t h e  s o u rc e s  co m p le te ly  su rrounded  the  c r y s t a l  t h i s  a rrangem ent  
sh o u ld  a2 so g iv e  th e  most f a v o u ra b le  sou rce  to  background 
c o u n t in g  r a t e  r a t i o .  T h is  was i d r t h e r  improved by use  o f  a 
4*’ s h i e l d  o f  l e a d  uo reduce  backgi'ound. S u f f i c i e n t  a b s o rb e r  was 
b u i l t  i n t o  th e  appcLratus to  en su re  t h a t  t h e  most e n e r g e t i c  b e ta  
r a y s  e m i t te d  by any m a t e r i a l  u sed  in  uhe expe r im en ts  c o u ld  
n o t  be d e t e c t e d  in  th e  soaium i o a i a e  c r y s t a l .
To o b t a i n  th e  maximum s t a b i l i t y  o f  o p e r a t i o n  o f  t h e  
a p p a r a t u s  a r rang em en ts  were made f o r  em pty ing ,  r i n e i n g  and 
f i l l i n g  tn e  so u rce  h o ld e r  w i th o u t  in  any way d i s t u r b i n g  
Lhe p o s i t i o n  of  th e  c r y s t a l  on th e  f a c e  o f  tn e  p h o t o m u l t i p l i e r  
o r  exposing th e  tu b e  to l i g h t .  Between ex p e r im en ts  th e  
c o n t a i n e r  was th o ro u g n ly  r i n s e d  w i th  a c i d ,  w a te r ,  d i s t i l l e d  
w a te r  and a c e to n e  in  t h a t  o r d e r .  A ir  was th e n  blown th ro u g h  
t h e  b o t t l e  to  remove the  l a s t  t r a c e s  o f  m o i s tu r e  and ensu re  
t h a t  t h e  c o r r e c t  volume o f  sou rce  was u sed  each tiiiie.
Background measurements were made between each exj^eriment to
check th e  e f f i c i e n c y  o f  th e  r i n s i n g .  LVdi v;hen s o l u t i o n s  o f  
60Co were u sed  i t  was found to  be an  ea sy  m a t t e r  to  remove 
every  t r a c e  o f  co n ta m in a t io n .
The p o ta s s iu m  sou rce  s o l u t i o n  was chosen to  g i v e  t h e  
maximum conount o f  po tass ium  in  a s  sm a l l  a  voaume as p o s s i b l e .  
The most s u i t a b l e  appeared  t o  be a  n e a r - s a t u r a t e d  aqueous 
s o l u t i o n  o f  p o ta ss iu m  h y d ro x id e . The s o l u t i o n ,  in  d i s t i l l e d  
w a te r ,  c o n ta in e d  493 gm* po tass iu m  per  l i t r e .  When th e  sou rce  
h o l d e r  was f i l l e d  to  a  f i x e d  mc^rk w i th  l 86c . c .  o f  t h i s  
s o l u t i o n  o. c o u n t i r ^  r a t e  o f  some 700 c .p .m .  was o b ta in e d
u.bove a background of 87 c .p .m .  under  l e a d  s h i e l d i n g .
This  d i f f e r e n c e  was s u f f i c i e n t  to  ensure  a c c u r a t e  
d e t e r m in a t io n  o f  th e  co u n t ing  r a t e  due to  t h e  s o u rc e .
S ince  th e  sou rce  s o l u t i o n  had a h igh  d e n s i t y  a s e r i e s  
o f  t e s t s  were made to  see  i f  t n e  background o f  th e  a p p a r a tu s  
depended on th e  con tenus  o f  th e  sou rce  h o l d e r ,  ivleasui'ements of  
t h e  background were nn^de w i th  t h e  b o t t l e  empty, and a l s o  
when i t  c o n ta in e d  such n o n - r a d i o a c t i v e  l i q u i d s  a s  d i s t i l l e d  
v^ater,  s a l t  s o l u t i o n ,  ca lc iu m  c h lo r id e  s o l u t i o n  and carbon  
t e t r a c h l o r i d e  (chosen fo r  i t s  c h lo r in e  c o n te n t  to  s im u la te  
t h e  p re sence  o f  po tass iu m  in  t h e  s o u rc e ) .  I t  was found 
t h a t  th e  background was independen t  o f  th e  l i q u i d  c o n ta in e d  
in  th e  h o l d e r ,  bu t  t h a t  the  background tak en  when th e  b o t t l e  
was empty was c o n s i s t e n t l y  a few coun ts  p e r  m inu te  low.
zZZz
Hence a l l  background measurements were made when th e  b o t t l e
c o n ta in e d  d i s t i l l e d  v^ater.
To a v o id  th e  u n c e r t a i n t y  o f  r e l y i n g  on a c a l c u l a t i o n
o f  th e  e f f i c i e n c y  o f  th e  gamma r a y  d e t e c t o r  the  exper im en t
was based  on uhe comparison o f  th e  gamma-be t a  r a t i o  o f  40
K w i th  t h e  gamma-beta r a t i o  o f  a s u i t a b l e  c o n t r o l  
m a t e r i a l  i n  the  same e x p e r im e n ta l  c o n d i t i o n s .  The most60s u i t a b l e  sou rce  to  use  a s  a c o n t r o l  ap p e a red  to  be Co
whose gamma t r a n s i t i o n s  ( I . I 7 and 1*33 mev) a re  f a i r l y  c l o s e ,40
in  en e rgy ,  to  th e  1.4v mev gamma r a y  l i o e r a t e d  in  th e  K
d ec ay ,  and whose gamiiia-beta r a t i o  i s  known to  oe 2 . had t h e60 40geunma r a y s  from Go and K been o f  equa l  energy  i t  i s40
easy  to  show t h a t  th e  gamma-beta r a t i o  o f  K , H s a y ,  i s  
g iv e n  b y : -
R = . @Ço ........................................(i).
^here  Ï  and (3 a re  th e  obse rvea  gamma and b e ta  co un t in g  
K Kr a t e s  o f  a so u rce  o f  p o ta ss iu m  and 0^  and Q t h e60 ^0
c o r re s p o n d in g  r a t e s  f o r  a so u rce  o f  Co , de te rm in ed  u n d e r  
s i m i l a r  c o n d i t i o n s .  V ar ious  c o r r e c t i o n s  vjhich a r e  
d i s c u s s e d  l a t e r ,  had  to  be a p p l i e d  to  th e  measurements 
because n e i t h e r  th e  b e t a  nor  gamma r a y  s p e c t r a  o f  t h e  two 
s o u rc e s  a r e  i c e n t i c a l .
Tne r a t e s  o f  o e ta  em iss io n  from t h e  two soui 'ces  were
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d e te rm in e d  in  a w e l l - s h i e l d e d  p r o p o r t i o n a l  co u n te r  a r rang ’ernen-f. 
s i m i l a r  to t h a t  d e s c r ib e d  in  an e a r l i e r  c h a p t e r .  As w i tn  th e  gamma 
r a y  m easurem ents ,  the  i n t e n s i t y  o f  b e t a  em is s io n  was d e r iv e d  
from b i a s  cu rv es  which were ex tended  down to  an  energy o f  a b o u t  
200 ev. The cu rves  were v e ry  f l a t  a t  low e n e r g i e s  and no 
d i f f i c u l t y  was ex p e r ien ced  in  d e t e m i n i n g  t h e  r e l a t i v e  
b e t a  em iss ion  from th e  two s o u rc e s .  Hence, i d e a l l y  th e  
expe r im en t  c o n s i s t e d  s im ply  o f  f i n d i n g  th e  i n t e n s i t y  o f  gamma60e m is s io n  from eq u a l  volumes o f  s o l u t i o n s  o f  p o ta s s iu m  and Co in  
th e  a p p a r a tu s  which has  j u s t  been d e s c id b e d .  ’T h e r e a f t e r ,  
a c c u r a t e l y  known volumes o f  th e  two s o l u t i o n s  were s e p a r a t e l y  
s p re a d  o v e r  th e  i n n e r  w a l l  o f  tne  p o r p o r t i o n a l  c o u n te r  to  g iv e  
t h e  i ‘e l a t i v e  b e ta  em iss ion  r  a t e s . Then th e  b ranch ing  r a t i o  
cou ld  be found from e q u a t io n  ( i ) .
lOaClBLH SOURCES OF 2:C0It IH THE EXPHlIMif^T.
A number o f  p o s s i b l e  so u rce s  o f  in a c c u ra c y  were c o n s id e re d  
l i k e l y  to in t ro d u c e  a p p r e c i a b l e  e r r o r s  i n t o  t h e  expe r im en t .
These a re  now c o n s id e r e d  and c o r r e c t i o n s  d e r iv e d  where 
n e c e s s a r y .
( i )  In  o rd e r  to  o b t a i n  l a r g e  s oui*ce a r e a s  in  th e  b e t a  
r a y  ex pe r im en ts  th e  so u rc e s  wei*e mounted on th e  in n e r  s u r f a c e  01 
th e  w a l l  o f  th e  p r o p o r t i o n a l  c o u n te r .  Thus th e  so u rce s  were
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d e p o s i t e d  on what was, i n  e f f e c t ,  an i n f i n i t e l y  t h i c k
back ing  m a t e r i a l  and th e  c o u n t in g  r a t e  would be c o n s i d e r a b l y
i n f l u e n c e d  by e l e c t r o n s  s c a t t e r e d  from th e  w a l l  i n t o  t h e
s e n s i t i v e  volume. I f  th e  amount o f  b a c k s c a t t e r i n g  were
d i f f e r e n t  f o r  the  two soui 'ces  t n e n  obse rved  co u n t in g  r a t e s
would n o t  be in  the  Scmie r a t i o  a s  t h e  t r u e  r a t e s  o f  b e t a  5^02ix
em iss io n .  I'he a b s o lu t e  m agnitude  o f  th e  b a c k s c a t t e r i n g
was n o t  im p o r ta n t ,  only  th e  v^nL t ion  o f  th e  o a c k s c a t t e r i n g
f a c t o r  w i th  en e rg y ,  ou t  th e  l i t e r a t u r e  on th e  s u b j e c t  v/as
o f t e n  c o n t r a d i c t o r y .  To c l e a r  up th e  p o i n t  some
s u b s i d i a r y  ex p e r im en ts  were made and t h e s e  a r e  d e s c r i b e d
in  th e  n ex t  c h a p te r  (Ch.7)* For  p r e s e n t  p u rp o ses  i t  i s
enough to  a n t i c i p a t e  th e  f i n d i n g s  and say  t l i a t  no
a p p r e c i a b l e  dependence o f  the  i n t e n s i t y  o f  b a c k s c a t t e r i n g
on th e  energy o f  the e l e c t r o n s  Was found. Hence th e
r e l a t i v e  r a t e s  o f  b e t a  em iss io n  from th e  two s o u rc e s  a r e
o b ta in e d  d i r e c t l y  by measurement.
( i i )  F u l l  a n t i - c o i n c i d e n c e  s h i e l d i n g  was used  when
o b ta in in g  th e  r a t e  o f  b e ta  em iss io n  from p o ta s s iu m ,oO
but the  d e t e c t i o n  o f  gcmum. r a y s  from Co i n  th e  a n t i -
c o in c ia e n c e  a r r a y  caused th e  l o s s  o f  some o f  th e
accompanying b e t a  r a y s .  Hence th e  r a t e  o f  oeta. em iss ion  
60from Co was a e te rm in e a  w i th o u t  use  o f  the  G e ige r  ai’r a y .
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( i l l )  A c o r r e c t i o n  haci to  be made to  the potasbiuuii
goiiima ra y  counc to aalow f o r  tn e  a e t e c t l o n  in  th e  c r y s t a l
40o f  b rem ss troh lung  e x c i t e d  by the  b e t a  r a y s  o f  K in  t h e i r
passage  th rough  th e  dense hydrox ide  s o l u t i o n .  The s i z e  o f  t h e
c o r r e c t i o n  was de te rm ined  e x p e r im e n ta l ly  by o b se rv in g  the
32i n c r e a s e  i n  the gaimm r a t e  when r  , a pure  b e t a  e i i i i t te r  whose
spectrum  co v e rs  much th e  s i^me energy range  a s  th e  o e ta  spectrum 40
o f  K , was add eu to  th e  p o tass ium  hydrox ide  s o l u t i o n .
32The a c t i v i t y  o f  the  1 was m on i to red  in  the  p r o p o r t i o n a l
c o u n te r  to  g iv e  a d i r e c t  e s t im a te  o f  the  c o r r e c t i o n
r e c u i r e d .  The c o r r e c t i o n  i s  shown g r a p h i c a l l y ,  a p p l i e d  
40to  the  K gamma r a y  b ia s  curve in  Tig. 20. 6oNo sucn  c o r r e c t i o n  was made to  the  Go gamma r a t e  
b e c a u s e , oO(a) th e  i n t e n s i t y  o f  Co b e t a  r a y s  r e l a t i v e  to  th e .  
gaisma ra y s  i s  a f a c t o r  o f  abou t  lb  clown on th e  r e l a t i v eo 4-1
beta-gomma i n t e n s i t y  from L *rrt€foO(b) the  energy o f  th e  Co b e t a  t r a n s i t io n  i s  c o n s i a e r a b ly
40le s b  t h a n  t n a t  o f  IC andvO(c) th e  Co s o l u t i o n ,  m a in ly  v ;a ter ,  d id  no t  c o n t a i n  th e  
h igh  c o n c e n t r a t i o n  o f  r e l a t i v e l y  heavy atoms t h a t  e x i s t e d
in  the  po tass ium  s o l u t i o n .
( i v )  a s l i g h t  c o r r e c t i o n  was c a l c u l a t e d  t o  a l low  f o r  
th e  c o in c id e n t  a r r i v a l  in  the  c r y s t a l  o f  th e  two gamma rays
from a CcP^'decay.
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(v) E m p i r ic a l  t e s t s  were made to  d e te rm in e  what
e i i ' e c t  th e  so u rce  s o l u t i o n s  had on the  t r a n s m i s s i o n  o f  th e  gamm
r a y s  to th e  c r y s t a l .  These expe r im en ts  took  th e  lOxm o fuOadding  eq u a l  amounts of  a  Go s o l u t i o n  to  w a te r  and to  strong 
po tass iu m  h yd ro x id e  s o l u t i o n  in  th e  gamiiia r a y  coun t ing  
appax 'atus.  R e s u l t s  c o n s i s t e n t l y  showed t h a t  th e  h ig h e r
60c o u n t in g  r a t e  was o b ta in e d  ilom th e  Co when i t  was added 
to  tne  h y d ro x id e ,  s u g g e s t in g  t h a t  i n c r e a s e d  s c a t t e r i n g  
in  the  d e n s e r  s o l u t i o n  was more i i tp o r t a n t  th a n  in c r e a s e d  
a b s o r p t i o n ^ i n  th e  geometi*y o f  the ex p e r im en t .  A ccura te  
measurements  showed t h a t  a c o r r e c t i o n  o f  ab ou t  o>p had t o  be6cadaed  to the  gamma coun t ing  r a t e  o f  Co t o  a l lo w  f o r  t h i s .
(v i )  F i n a l l y ,  a  c o r r e c t i o n  was r e c u i r e d  t o  tak e  a c co u n t
o f  th e  v a r i a t i o n  w i th  energy  o f  th e  e f f i c i e n c y  o f  t h e  sodium 
io d id e  d e t e c t o r .  This cou ld  be o b t a in e a  d i r e c t l y ,  by 
c a l c u l a t i o n ,  t o  g iv e
1 fJL VCo = I . C I 5 h • Go..................   ( i i )
I  fi. XK Co & bO 40
where I ,  I  a i‘e th e  t r u e  nuubers  o f  gawma r a y s  o f  Co and K 
Co Kr e s p e c t i v e l y ,  which e n t e r  th e  c r y s t a l ,  a  and Lb t h e  massCo K
a b s o r p t i o n  c o e f f i c i e n t s  o f  sodium io d id e  fo r  th e  gamma r a y s
uO 40 1/ V/o f  Co and K , and A , Y th e  observed  gamma ra yGo K
i n t e n s i t i e s  o f  the  two s o u rc e s .  The n u m e r ic a l  f a c t o r  a r i s e s
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beccLUSe one c r y s t a l  canno t  oe c o n s id e re d  m a th e m a t ic a l ly  
as  a t h i n  l a y e r  o f  sodium io d in e .  The f a c t o r  depends on the  
s i z e  o f  the  c r y s t a l  and can be e s t im a te d  g r a p h ic a l l l y .  Hence, 
from e q u a t io n s  ( i )  and ( i i )
R = 2 .  ^ K . '  Co . ' Co ..............................( i i i )r m ?  ZL- r -® Co K
and th e  gomima-beta r a t i o  m..y be found.  In  t h i s  e q u a t io n
i t  i s  assumed t h a t  th e  coun t ing  r a t e s  Y and have beenK Coc o r r e c t e d  f o r  a l l  uhe above e f f e c t s  ex c e p t  c r y s t a l  e f f i c i e n c y .
The r e s u l t s  of tn e  gccmraa count ing  ex p e r im e n ts  a r e
shown by th e  bias cu rv es  o f  F ig s .  20 and 21. ^ i g .  20 g i v e s
4 0
th e  ex p e r im e n ta l  b i a s  curve f o r  K (c u rv e  A) and w i th
backgi'ouna subjgcracted (b) and c o r r e c t e d  f o r  the  e f f e c t  o foO
o re m ss t ra h lu n g  (C). The c o r r e c t e d  c u rv e  f o r  Co i s  shown in  
F i g . 21. The f i n a l  r e s u l t  o f  th e  expe r im en t  was a gamma- 
b e t a  r a t i o  of
0 .1 2 4 ±  0 .002
v;here th e  e r ro r  i s  d e r iv e d  from th e  s t a t i s t i c s  o f  c o u n t in g .
40
DFTny M il  AT ION OF THE GAMrll-BETA RATIO OF K . (Second M ethod) .
a second method o f  f i n d in g  th e  gamma-beta r a t i o  o f  K40
-8  i -
was d e v i s e d  to  overcome many of  th e  u n s a t i s f a c t o r y  f e a t u r e s
and r e a u c e  th e  so u rce s  o f  e r r o r  i n n e r e n t  in  the  f i r s t .  S ince
most o f  the  c o r r e c t i o n s  were b a s ic o i l ly  due to  t h e  d i f f e r e n c e  in40en e rg y  between the  K t r a n s i t i o n s  and th e  c o r re s p o n a in g
60ones in  Co , a  new c a l i b r a t o r  was chosen f o r  th e  second method.24An i d e a l  i s o to p e  to  u se  appeared  to  be Na which em its  a  b e t a40
r a y  w i th  a maxiraum energy  o f  1*39 Mev (K , I .36 Mev) fo l lo w ed
oy two gamma r a y s  in  ca scad e  w i th  e n e r g i e s  o f  2 .76 Mev and I .38 40Mev^ (K , 1 .4u Mev), i f  t h e  two gamma r a y s  cou ld  be excunined
s e p a r a t e l y .  The p re se n c e  o f  tnt; 2 .?o  Mev gamma r a y  p re v en ted
th e  u s e  o f  th e  so u rce  in  the  f i r s t  exper im en t  b ecau se ,  in  i t ,
t h e  soaium io d id e  c r y s t a l  was s u i t a b l e  f o r  use  m ere ly  as  a
d e t e c t o r  o f  gaiimia r a d i a t i o n .  A 2" x 2*^  c y l in d e r  o f  sodium
io d id e  was found to  cause  an a p p r e c i a b l e  amount o f  t o t a l24
a b s o r p t i o n  of  the  I .38 Mev gamsici r a y  o f  Ka , p roduc ing  a  lii:e 
sp ec tru m  v\/hich sepc ira ted  th e  I .38 Mev gamma ray  from th e  2.76 mev 
gamma. Hence^ e s s e n t i a l l y ,  th e  exper im ent  was th e  same as  th e  
o r i g i n a l  ex cep t  t h a t ,  i n s t e a d  o f  comparing t o t a l  gamma count 
r a t e s ,  the  r a t i o  o f  th e  gamma i n t e n s i t i e s  o f  th e  two so u rce s  
was found by o b t a in in g  gamma r a y  s p e c t r a  and comparing th e  
a r e a s  under  the  t o t a l  c a p tu r e  peak s .  T h is  produced c o n s id e r a b l e  
a d v a n ta g e s  in  o th e r  d i r e c t i o n s  t o o ,  a s  w i l l  be seen .
Tne gaxpma r a y  s p e c t r a  were o b ta in e d  e l e c t i ' o n i c a l l y  by 
u s in g  a H u tc h in s o n - ^ c a r r o t  p u l s e  a n a l y s e r  ( 2 8 ) .  The s o u rc e ,
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c o n t a i n e d  in  a t h i n  c i r c u l a i '  g l a s s  v e s s e l ,  22c . c .  volume, was
p l a c e d  c l o s e  to  th e  f l a t  end o f  th e  c r y s t a l .  The sou rce  and
c r y s t a l  were s h i e l d e d  by l e a d .
The p rocedure  was to  f i l l  tn e  source  h o l d e r  vviih
p o ta s s iu m  hydrox ide  s o l u t i o n  and o o ta in  th e  spec trum . A t r a c e  24
o f  Na was aaded and a n o th e r  spec tru ia  t a k e n ,  b u b t r a c t i o n  o f  th e24
two sp ectra  gave tne La gamma ray Spectrum a lo n e ,  and
40s u b t r a c t i o n  o f  background from th e  f i r s t  l e f t  t n e  K gamma
r a y  spec trum . These a re  shown in  F i g . 22. The r e l a t i v e
b e t a  e ia is s io n  r a t e s  were d e te rm in ed  by s p re a d in g  a  Soiiple o f
th e  mixed source  on the  w a l l  o f  th e  p r o p o r t i o n a l  c o u n te r .  By
u s in g  th e  mixed so u rce  i t  was e n s u re d  t h a t  no e r r o r s  cou ld  by
i n t r o d u c e d  in  r e l a t i v e  source  s t r e n g t h s  u sed  f o r  b e t a  and gamma
m easurem ents .  Counting; r a t e  measurements were th e n  made over a24
p e r io d  o f  days u n t i l  th e  r a t e  becuine c o n s ta n t  a f t e r  t h e  ha  had
c o m p le te ly  decayed. Knowing th e  background o f  th e  c o u n te r40i t  was easy  then  to  o b ta in  the  i n t e n s i t y  o f  th e  K b e t a  
em is s io n  and to  c a l c u l a t e  the  r e l a t i v e  b e ta  em iss io n  r a t e s  
o f  t h e  tv.o s o u rc e s  a t  t h e  t im e when the  gamma s p e c t r a  were
oeing o b t a in e d .  A h a l f - l i f e  o f  1$ .0$ h r  s .  (29) was assumed 
24
f o r  h a  .
The o es t  i l l u s t r a t i o n  of  th e  s u p e r i o r i t y  o f  the  new 
t e c h n iq u e  i s  o b ta in e d  by c o n s id e r in g  in  hov; fa i '  t h e  c o r r e c t i o n s  
r e c u i r e d  f o r  t h e  f i r s t  method a p p ly  to  th e  second.
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üO^ vRiLCTIONb FOR biiiCOMD uIùTEOD.
40 ^4( i )  S ince  th e  b e ta  r a y s  o f  K ana h a  co v e r
approxiiHcitely th e  same energy r a n g e s ,  o a c k s c a t t e r i n g  of
e l e c t r o n s  would n o t  be ex p e c ted  to  p ro auce r e l a t i v e  changes
in  t h e  b e ta  coun t ing  r a t e s  o f  the two s o u rc e s .  In  f a c t  i t  i s  novbO 40known t h a t  even w i th  Co and K no e r r o r s  were caused  by
b a c k s c a t t e r i n g  but  the  ex p e r im e n ts  which l e d  t o  t h i s  c o n c lu s io n  1
had n o t  been completed wnen th e  p r e s e n t  work was done. By
u s in g  mixed s o u rc e s ,  and s i n c e  th e  b e ta  r a y  e n e r g i e s  a r e
s i m i l a r ,  i t  was a l s o  en su red  t h a t  any a b s o r p t i o n  and
s c a t t e r i n g  of the  b e ta  r a y s  in  th e  so u rce  l a y e r  would be40 24th e  same f o r  b o th  K and Na
( i i )  Once ag a in  th e  G eige r  c o u n te r  a n t i - c o i n c i d e n c e
r i n g  V7as  n o t  employed because o f  the  danger  o f  l o s i n g  some 24Na b e t a - r a y  coun ts  oy she d e t e c t i o n  in  a G eiger  o f  an40
a s s o c i d t e a  g mama r a * . F i n a l  mecisui'ements o f  th e  K b e t a24
counting r a te  a f t e r  the decay o f  tiie ha were cnecked V7ith 
f u l l  a n t i-c o in c id e n c e  s h ie ld in g .
( i i i )  B rem ss trah lung  cou ld  no t  cause e r r o r s  in  th e
40gammci r a y  peaks because ,  fo r  K  ^ th e  maximum ene rgy  o f  the
b e t a  r a y  i s  l e s s  than uhe energy of the gamiiia ra y , an d  for  
24Fa the  two e n e r g i e s  a r e  so c lo s e  t h a t  aiiy c o n t r i b u t i o n  to  
the  gcUiiuia r a y  peak would be q u i t e  n e g l i g i b l e .
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( i v )  A c o r r e c t i o n  f o r  c o in c id e n c e s  between th e  gamma 24
r a y s  o f  h a  had to  be made. T nis  co u ld  be c a l c u l a t e d  s in c e  
t h e  s t r e n g t h  o f  th e  sou rce  w_s knov/n.
(v) h r r o r s  o r i g i n a t i n g  in  th e  t r a n s m i s s i o n  o f  th e  gamma 
r a y s  th io u g h  th e  so u rce  were ex pec ted  to  be sm a l l  because
(a )  th e  sou rce  was much t h i n n e r  th a n  b e f o r e ,  (b) th e  two 
s o u rc e s  were mixed, so t h a t  the  gamma r a y s  t r a v e r s e d  the  same 
mediuiü, (c)  th e  e n e r g i e s  o f  the  gamma r a y s  were much czoser60in  t h i s  experim ent  tnaii when Co was u sed  as th e  c a l i b r a t o r .
( v i )  A c o r r e c t i o n  f o r  t h e  s l i g h t l y  d i f f e r i n g  
e f f i c i e n c y  o f  the  c r y s t a l  fo r  the  tv/o gumima ra y s  was 
calcu-afiL-, ccS b e f o r e .  Hence, i n  t h i s  second e x p e r im e n t ,  
c o l l e c t i o n s  had to be a p p l i e d  f o r  c o i n c i d e n t  d e t e c t i o n  o f  
gamna r a y s  and to  a l low f o r  changes i n  t h e  e f f i c i e n c y  o f  th e  
c r y s t a l .  3o tn  cou ld  be c a l c u l a t e d .  One new c o r r e c t i o n
had to  be made to d r o w  f o r  th e  d ea d - t im e  o f  the  p u l s e  a n a l y s e r ,  
b u t  t h i s  was sm a l l  because  the  c o u n t in g  r a t e s  were low.
R I dULTS.
The r e l a t i v e  i n t e n s i t i e s  of  th e  gautiia r a y  l i n e s  o f  tine
two s o u rc e s  were found by e s t i m a t in g  t h e  a r e a s  under th e
gacma r a y  peaks w i t h i n  th e  boundary l i n e s  shown in  F ig s .  22.
To i n c r e a s e  t h e  ac c u ra c y  th e  l i m i t s  were f i r s t  d e te rm in ed
40f o r  th e  peak in  th e  K gamma spec trum , t h e n  t r a n s f o rm e d  to  th e
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24
l\a peak .  The f i n a l  r e s u l t  gave a b ranch ing  r a t i o  o f
0 .121  1  0 .0 0 4 .
where th e  l i m i t s  o f  e r r o r  r e f e r  m a in ly  co th e  e s t i m a t e d  
e r r o r s  in  f i n d in g  th e  are&s under th e  gautaa ray  p e ^ k s .
Zj I I C U d S I u I : .
The two d e t e r m in a t io n s  o f  the gnmma-beta r a t i o  o f
40K have g iv e n  c o n s i s t e n t  r e s u l t s .  The second method was b a s i c c . l i ;  
more a c c u r a t e  as w e l l  a s  being q u ic k e r  in  p r a c t i c e ,  the  main 
a o u b t i d l  p o in t  be ing  th e  ac ut*acy o f  th e  e s t i m a t i o n /  o f  the  
oci‘-eas unde^' the  peaks in  th e  gamma r a y  s p e c t r a .  The f i n a l  
r _ s u lts  a re  ixi good agreement w ith  th e  v a lu e  o f  0 . 12j  
s e l e c t e d  by _nTt mid Llu^n/er ( jO) o.s t n . w e igh ted  average  
of a l l  pi-evious measui-ements o f  mie r a t i o .  I f  tn e  gaiima-ueta  
r a t i o  i s  a t i ’ue i n d i c a t i o n  o f  th e  oranching  r a t i o  t h e r e  can
p. emain l i t t l e  doubt t h a t  th e  b ran ch in g  r a t i o  i s  a - . e c i a b l y  
g r e a t e r  th a n  t h a t  found in  th e  u e s t  g e o l o g i c a l  e::_;^eriiTmnts
to  d a t e .
/Ui u nsuccessx t i l  a t t e m p t  was a l s o  made in  the  p r e s e n t  work
to o b ta in  -  d ir e c t  e st im a te  o f  the branching r a t io  by
o b s e r v a t io n s  o f  tne IT x - r a y s  and Auger e l e c t r o n s  from a t h i n
s o ld  so u rce  o f  o ta s s iu m  in  a p r o p o r t i o n a l  c o u n te r .
f o t a s s i u m  c n l o r i d e ,  in  which th e  jciaxxx po ta s s iu m  was e n r i c h e d
4Q50 t im es  in  th e  K isobOj,.e, was examined a s  a w a l l  mounted 
^  See note on
d.
s o u rc e  5 micrograiis /cm . th ic k  in  u sm a l l  / .coun ter .  The 
so u rc e  t h i c k n e s s  was only  a f r a c t i o n  o f  tiie ex^-ected p a th  
l e n g t h  o f  an r.uger e l e c t r o n  b u t ,  i n  Sj^ite o f  t h i s ,  l i t t l e  
e v id e n c e  f o r  a K -c a p tu re  branch  v/as o b ta in e a  in  th e  spec trum , 
h s l i g n t  peak ,  much l e s s  i n t  en se thon  e x p e c te d ,  was 
o ü s e rv e a  but  i t  appeared  to  be too  low in  th e  energy  s c a l e  
t o  oe i*e la ted  to  th e  ai'gon -I-ray emiotea  in  th e  t r a n s i t i o n .
There was no oov ious  r e a s o n  f o r  th e  f a i l u r e  o f  t h e  
experLaient b u t ,  r e c e n t l y  Dr eve r  and Moljk (31) have observed  
a s i m i l a r  e f f e c t .  They examined th e  K-ca_;_.ture
36of 11 as a gas  in  a p r o p o r t i o n a l  c o u n te r  and th e n  p e r m i t t e d
tn e  c h l o r i n e  to  condense on th e  w a l l  o f  th e  c o u n te r  to  form
a s o l i d  source  w i th  an av e rag e  t h i c k n e s s  o f  on ly  0 . 03
2m icrcg r im s/cm . The K-Capture  peak s h i f t e d  t o  a lower
energy and reduced  to  about  one ten  tn  o f  i t s  form er i n t e n s i t y .
I t  seems t h a t  f o r  some r e a s o n  th e  r a d i a t i o n s  do n o t  emerge
fi'om th e  source  w i th  tn e  expec ted  energy ,  even wnen tne so u rc e
i s  very  t h i n ,  or t n a t  the  p r o p o r t i o n a l  c o u n te r  does not
z h n c t io n  n o rm a l ly ,  when th e  p r im ary  r a d i a t i o n s  have a v e ry
low ene rgy ,  caus ing  t h e  i o n i s a t i o n  to  t a k e  p la c e  f a r  from
the  c e n t r a l  w ire .  There i s  l i t t l e  doubt t h a t  t h e  only40r e a l l y  s a t i s f a c t o r y  way o f  0 s t a i n i n g  th e  K b ran ch in g  r a t i o
O'd i r e c t l y  w i l l  in vo lve  th e  u se  of  rrrrr* gaseo u s  S a m p l e  of th e  
e lem en t ,  ho s im ple  ccmpouiids of  ^o tass ium  a r e  gaseous  a t  
o r d in a r y  te m p e ra tu re s  b u t  th e  r e c e n t  su ccess  o f  H o l jk  e t  al*
.89.
( 12) i n  o p e ra t in g  p r o p o r t i o n a l  c o u n te r s  a t  h igh  tem pera tu i 'e s
40may make p o s s i b l e  a d i r e c t  o b s e w a t i o n  of th e  K branching' 
r a t i o .  Meanwhile the  gamma-beta r a t i o  exp e r im en ts  p ro b a b ly  
g iv e  th e  c l o s e s t  approach  to  t h e  c o r r e c t  v a lu e  o f  th e  branching 
r a t i o .
The d isc re p a n c y  between the  p h y s i c a l  and g e o l o g i c a l
e s t i m a t e s  s t i l l  s t a n d s .  The l a t e s t  g e o l o g i c a l  v a lu e  o f
C.09 obtaixied by S h i l l i b e e r  e t  a l .  (2g) has been a t t a c k e d
by hobnan ( 32 ) because of the  use  of  t h e  I b 20V age f o r
(Pb 2C6d a t in g  th e  specimens. T h is  i s  l i k e l y  to make th e  ages
too l a r g e  end lower th e  c a l c u l a t e d  b ra n d l in g  r a t i o .  This
would be in  accord  v.’i t h  t h e  p h y s i c a l  d e t e r minat i o n s .
As f o r  tiie p h y s i c a l  measurements ,  t h e  b r rn c h in g  r a t i o
r e s t s  m a in ly  on t h e  v - . l i d i t y  o f  th e  decay scheme assumed 40f o r  I<: . ; .n i le  th e  scheme now seems u n a s s a i l a b l e  i t
was th o u g h t  u s e f u l  to check some of th e  f e a t u r e s  by 
f u r t h e r  expe r im en t .  Tnese i n v e s t i g a t i o n s  end tn e  r e a s o n s  
fo r  tnem a r e  d i s c u s s e d  Anort^y.
THS KA LF -L T Æ  OP
In  a d d i t i o n  to  th e  b ra n d l in g  r a t i o ,  th e  p o ta ss iu m -40
argon d a t in g  t e c h n iq u e  r e q u i r e s  th e  h a l f - l i f e  of tne  K 
decay .  This was es t i i im ted  from th e  b e t a  co u n t in g  r a t e
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aiiG branching r - . t i o  obt^mned i n  th e  f i r s t  method, assuming a40backs c a t  t e r  inp, f^ .c to r  o f  0 . 4 5 ±  0 .015  f o r  L b e t a  r a y s  from th e  /
s t e e l  n a i l  o f  tne  p r o p o r t i o n a l  c o u n te r  (see  C h .7 ) .  The f i g u r e  /40obtained  fo r  the  t o t a l  i m I f - l i f e  of I: was
9( r , k 8 ± 0 . 02) X 10' y e a r s
taking, t i e r ’ s v a lu e  o f  0 . O ily  ±  0 . COOll fo r  th e  abundance 40of i: in  ordinary potassiu .n  (33) • This h a l f - l i f e  i s  c lo se
9to tne  h a l l - l i f e  o r  1 .27  k 10 y e a r s  found by Sawyer and
.. iedenbeck ( 10) in  t n e i r  c l a s s i c  i n v e s t i g a t i o n  o f  t n e  decay 40 9
of h b u t  . i i ^ r f t l y  s^ ta i le r  tiiiQ t h e  i . 3h x l o  y e a r s  p r e f e r r e d
by hndt ana Hluyver (30) and by Burch ( l 8 ) ,
403VIÎH'CB ?0K T i l l  HODB OR DECAY OF K .
I t  h as  been assumed in  t h e  p r e c e d in g  s e c t i o n s  t h a t  t h e
40,^amma-beta and th e  branchiiig  r a t i o  of K a r e  i d e n t i c a l ,  
in  accordaiice with  tn a  ce cay sen  erne shown in  F i g . l S .  There 
nas  n o t  been any re^. l l y  S a t i s f a c t o r y  d i r e c t  ^ r o o f  o f  th e c teq u iv a le n c e  of th e  two r _ . t i o s ,  because even th e  b e s t  o f  tne  d i r e
measurements  o f  th e  b ranch ing  r a t i o , by Sav/yer and
W'iedenbeck i l o ) ,  i s  s u b j e c t  to  s i z e a b l e  e r r o r s .  I t  seemed
to  be p u s t  p o s s i b l e  t n a t  th e  d i f f e r e n c e  between th e
p h y s i c a l  and g e o l o g i c a l  d e t e r m in a t io n s  o f  tn e  b ranch ing  r a t i o
cou ld  be explainec.  by th e  assumj^tion o f  an i n c o r r e c t
decay ^cheme. The gaaima-beta r a t i o  can a i i f e r  from th e
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t r u e  b ranch ing  r a t i o  i f
( i )  an a p p r e c i a b l e  number o f  e l e c t r o n  c a p tu r e
t r a n s i t i o n s  p ro c eed  d i r e c t l y  t o  tn e  g round  s t a t e  o f  40
An 40( i i )  th e  gamma r a y  fo l lo w s  the  b e ta  decay  to  Ga , 
i n s t e a d  o f  a p p e a r in g  in  the  K -c a p tu re  b ranch .
( i i i )  more t h a n  one gaiiimi. r a y  fo l lo w s  e l e c t r o n  
ca^vture. I f  ( i )  i s  t r u e  t h e n  th e  r e a l  b ranch ing  r a t i o  
i s  g r e a t e r  t h a n  th e  gaimia-beta r a t i o ,  and w i l l  i n c r e a s e  
th e  d i s c r e p a n c y  between tne  tv/o metnods o f  d e te rm in in g  
the  b ranch ing  r a t i o . I f  ( i i )  i s  t r u e  t h e n  t h e r e  i s  no 
r e l a t i o n  between t n e  gamma-beta i ‘a t i o  and th e  branching  
I ' a t i o . I f  ( i i i )  i s  t r u e  then the  gamma-beta r a t i o  w i l l  
exceed  t n e  branchiiig  r a t i o  as  a p p e a r s  to  happen in  p r a c t i c e .  
In  f a c t ,  th e  gmrnma-beta r a t i o  was a l / a i o s t  e x a c t l y  tw ice
the  e a i ' l i e r  g e o l o g i c a l  v a l u e s ,  v/hich wei'-e s t i l l  c u r r e n t
when th e  .^r es en t  i n v e s t i g a t i o n  was begun. Ti/cs s u g g e s te d
t h a t  each c a p tu r e  even t  might be fo l lo w ed  by two gaiina
r a y s .  However u n l i k e l y  t h i s  a^^peared, i t  was d e s i r a b l e
to  have d i r e c t  e x p e r im e n ta l  p r o o f  t h a t  i t  d id  n o t  happen.
What i s  p ro b a b ly  th e  most s a t i s f a c t o r y  ev iden ce
f o r  t h e  decay scheme as  i t  s t a n d s  v/as p ro v id e d  by mass
40 40 40measurements o f  , K and Ca by Jo h n so -  ( 3 4 ) .  He
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40showed t h a t  th e  energy aVaile .b le  f o r  th e  decay o f  K to  40 40
A and Ga i s  1.4V±C.C7 Mev and l . j i t C . O ?  Mev r e s p e c t i v e l y .
I f  t h i s  i s  c o r r e c t  th e n  th e  p o s s i b i l i t y  o f  the  gmiiraa ra y
o c c u r r i n g  in  t h e  b e t a  decay b ran ch  must be d i s c o u n t e d ,  because
th e  gcuiiicL ra y  e n e rg y ,  1.46 Mev acco rd in g  to  th e  b e s t  o f  t h e
r e c e n t  measurements ( 3 5 , 36 ) ,  exceeds  t h e  eneiq.y a v a i l a b l e  f o r
u e t a  ne cay. z .qua l ly ,  th e  ene rgy  avails ,  b le  f o r  tiie decay to  40A , a c c o ra in g  to  Moruison's f i g u r e s ,  aoes  i .o t  p e rm i t  more
Ghan one ^a.iima r^ y  u n ie  as th e  second i s  ve ry  s o f t ,  n o r  have
p a r t i c l e  e x c i t a t i o n  ex p e r im en ts  ( 30 ) r e v e a l e d  th e  p re se n ce40o f  any e x c i t e d  s t a t e  in  /  A below the  1 .4b  I'lev s t a t e40.
observed  in  t h e  decay o f  K
oawyer and wiedenbeck^ s o b s e r v a t io n  t h a t  th e  e l e c t r o n
C a p t u r e  d i s i n t e g r a t i o n  r a t e  i s  approximately^ e q u a l  to  th e
ga.xuua em iss ion  r a t e  shows t h a t  th e  p r o b a b i l i t y  o f  e l e c t r o n
4 0
caj. t u r e  to  th e  ground s t a t e  o f  A i s  squall. This  i s  su, p o r t e d  
t h e o r e t i c a l l y  by M orr ison  (1 4 ) ,  The absence  o f  0 .$11  Mev 
gamma r a y s  ( 3 7 , 3- )^ ^nd o f  iS O ^co in c idences  ( 39) shows t h a t  
the p r o o a b i l i t y  of  decay by j^os i t ron  em iss ion  i s  a l s o  siiiall .  
r i i i s ,  t o o ,  i s  conf irm ed  oy I ' o r r i s o n .
D i r e c t  ev iaence  f o r  th e  aecay scheme, in  the form o f  
co in c id en c e  meas u r e v e n t s , i s  more neou lous  because o f  tne  
a i f f i c u l t y  of  o b ta in i i jg  co in c id e n c e s  w i th  th e  low 
d i s i n t e g r a t i o n  r a t e s  a v a i l a b l e .  G oincidences  between X -rays
and Auger e l e c t r o n s  ana th e  gamma r a y s  have been r e p o r t e d  
(40) ou t  t h e  co in c id e n c e  r a t e s  were ex t rem e ly  low. 
bea i‘ches f o r  be t a -gamma c o in c i a e n c e s  have g i v e n  n e g a t iv e  
r e s u l t s  ( 4 1 ,4 2 ) ,  bu t  on the  v h o l e ,  i t  seemed a d v i s a b l e  
to  r e p e a t  th e  co in c id e n c e  work and check the p u r i t y  o f  th e  
gamma r a d i a t i o n  w i th  more e f f i c i e n t  ap^^aratus.
G^wIMA HaY nX lBRlM m hTb.
4 0
The gcmima r a y  s^vectrum o f  K was o b t a in e d  by packing
330gm. o f  pure KCt round a 2 "x2 " sodium io d id e  c r y s t a l  w i th
s u f f i c i e n t  a b s o r b e r  to reiüove a l l  b e ta  r a y s .  A f t e r
a m p l i f i c a t i o n  th e  o u tp u t  from th e  p h o t o m u l t i p l i e r  was
a n a ly se d  on a m u l t i - c h a n n e l  e l e c t r o n i c  k i c k s o r t e r  to
g iv e  th e  spec trum  shown in  f i g .  23* Gomparison/rwith t h e22 24gamma rays em itted  by Ta (1 .277  Mev) and by ITa ( 1 . 38 Mev)
showed t h a t  th e  energy  o f  the  gamme, r a y  e m i t t e d  i n  tn e
4Gdecay of K i s  1 .4 o ±  0 .0 1  Mev. r h i s  i s  i n  e x c e l l e n t  
agreement w i th  o th e r  recenu  d e t e r m i n a t i o n  s ( 3 5 , 36 )-
F u r th e r  exam ina t ion  o f  the  spectrum  o f  th e  gamma 
ra y s  e m i t te d  by th e  soui’ce fed l e d  to  r e v e a l  th e  p re se n c e  
o f  any o th e r  gamma w i th  an energy g r e a t e r  th a n  ICO Kev. x 
ex p e r im en ts  u s in g  a p i 'o p o r t io n a l  co u n te r  showed no gamma 
ra y  w i th  an energy l e s s  than  100 Kev. I t  i s  t h e r e f o r e  
concluded t h a t  no ga-ima ray s  s o f t e r  tiiai. th e  1 .46  Mev
1*46 MEV
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BACKGROUND '^^ -^ i^vP-...
O O -
lO0*2 1*6 MEV
F IG .2 3 .  GAMMA RAY SPECTRUM OF P O T A S S I U M - 4 0  
OBTAINED WITH SODIUM I ODI DE SCINTILLATION 
S P E C T R O M E T E R .
4 0 .l i n e  a r e  em it  t e a  i n  the  decay  o f  K
Tne only^way in  which the  r a t e  o f  gamma em iss io n  
c o u la  exceeu th e  r a t e  o f  e l e c t i -o n -c a p tu re  would occu r  i f  
two gaiiiuia r a y s  v^ere e m i t t e d  w i th  e / n e r g i e s  so c l o s e  to
1.40 tlev t h a t  t h e  r e s o l u t i o n  o i  t h e  s c i n t i l l a t i o n  s p e c t ro m e te r
was n o t  s u f f i c i e n t  to se_^arate them. From mass c o n s i d e r a t i o n s
t h i s  i s  an  e x t re m e ly  u n l i k e l y  p r o p o ^ i o n  and vvas r u l e d  ou t40by examining, th e  r e g io n  o f  the  K gamma r a y  spectit im beyoijjd
1.40 kev .  T n is  j^art o f  th e  spec trum  i s  snown h i  F i g . 24, 
from Vhich th e  background spec trum  has been s u b t r a c t e a .  ^ I s o  
shown in  F ig .  24 i s  th e  same r e g io n  o f  th e  spectxum of6 cgamma r a y s  from c Co so u rc e  beai’ing a s i m i l a r  g e o m e t r i c a l  
r e l a t i o n s h i p  to t h e  c r y s t a l .  The s p e c t r a  a r e  n o rm a l i s e d  
so t h a t  tn e  gaiiina r a y  peaks a r e  o f  e c u a l  i n t e n s i t y  and can
6 obe compared d i r e c t l y .  In  th e  Co spec trum  t h e r e  i s  a \ e l l
a e f i n e d  peak  ^  a t  2 .5  \ h i c h  c o r re s p o n d s  to  th e  c o i n c i d e n t
d e t e c t i o n  of  th e  1 .17 and 1 .33  gaiama r a y s .  Tne edge B
i s  o o t a i n e d  when th e  Compton edge of  one gmxima r a y  i s  c a r r i e d
fo n v a ra  by the  f U l i  energy  o f  th e  o t n e r .  On th e  o t h e r  h an a ,
40in  th e  h spectrum  no i n t e g r a t i o n  i s  o b se rv e d  a t  2 .$ 2  mev 
and t n i s  r u l e s  ou t  t h e  p o s s i b i l i t y  o f  t h e  em iss io n  o f  two 
hi h  energy  gamma r a y s  in  c o in c id e n c e .  A more c o n v e n t io n a l  
c o in c id e n c e  exper im en t  u s in g  two soaium io d i d e  c r y s t a l s  a l s o  
f a i l e a  to show g&iimia-gai:ima c o i n c i a e n c e s .  Hence i t  can
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s a f e l y  be concluded  t h a t  only one guinma r a y  i s  e m i t t e d  i n
4-0w hichever  branch  o f  the  i; decay i t  a r i s e s .
40A FOR CGIhCIbLl^Cho Ih 'Ihù K Dr]C^Y.
The b e ta  r a y s  were d e t e c t e d  in  a d i s c  o f  p l a s t i c
phosphor  ( 1 . $ ^ 1 :1 ;4 ;4  t e t r a p n e n y i  1 :3  o u ta a ie n e  d i s s o l v e d  in
p o i y s t / y r e n e ) . A 0.001" th icK  f o i l  o f  alumiiiium on to p  o f
the  d i s c  r e f l e c t e d  the l i g n t  on to  th e  ca thode  o f  th e
p n o -c o m u l t ip l i e r , and a l s o  c a r r i e d  th e  s o u rc e ,  oO m.gms. of
40KOI e n r ic h e d  $0 t im es in  th e  K i s o t o p e .  The s o u rc e  was 
co v e red  by a t h i n  s h e e t  o f  p l a s t i c  f o r  p r o t e c t i o n ,  and by 
a t h i c k  s t e e l  f o i l  to  ab so rb  b e ta  r a y s .  On th e  o t h e r  s i d e  
o f  t h e  s t e e l  cmne th e  gumma ray  d e t e c t o r ,  a  1 " cube o f  
sodium io d id e  packed in  magnesium oxide r e f l e c t o r .  The 
whole system was encased  in  6" o f  l e a d  to  re d u ce  background. 
The o u tp u t s  from th e  two p h o t o m u l t i p l i e r s  were a m p l i f i e d  and 
a p p l i e d  to a c o in c id en c e  c i r c u i t  whose r e s o l v i n g  t im e was
-7b .2  X 10 sec .  The co inc iden ce  r a t e  and th e  s e p a r a t e  
cou... ting rc i tes  were r e co rd ed .
The j_resence o f  th e  po tass ium  sou rce  was found to
"3i i ic r tafce  th e  c o in c ia e n c e  r t i t e  by (1 .43  1 0 .02 )  ^  10 
c o in c id e n c e s  per  d e t e c t e d  beta. r a y .  ^ in ce  p a r t ,  a t  l e a s t ,  
o f  t h i s  p o s i t i v e  e f f e c t  could be caused  by c o in c id e n c e s  
between b e ta  r a y s  ana b re m s s t r a h lu n g , a  c o n t r o l  experim ent
- 9 b -
32was perfo rm ed  u s in g  ? , a pure  b e ta  e m i t t e r .  This
-3proved  t h a t  ( 1 .0 4 1 :0 .0 1 6 )  x 10 c o in c id e n c e s  p e r  d e t e c t e d
b e t a  ra y  could  be a s c r i b e d  to t h i s  cause .  T h is  d id  n o t
c o m p le te ly  acco un t  f o r  tu e  observed  c o in c id e n c e  r a t e  w i th  40K bu t  c a l c u l a t i o n s  based on t h e  e f f i c i e n c y  o f  tne  ap p t i ra tu s
showed t h a t  th e  rem a in de r  cou ld  r e a s o n a b ly  be a c c o u n te d40f o r  oy s c a t t e r i n g  of  tn e  K guimmc r a y s  i n  one system. I t
i s  conc luded  t h a t  the i 'e  i s  no p o s s i b i l i t y  of beta-gamma40c o in c id e n c e s  i n  t h e  decay o f  K
COhCLUSIONb.
Two sepc^rate exper im en ts  have g / i v e n  v a lu e s  f o r
th e  r a t i o  o f  t h e  i n t e n s i t i e s  o f  the  gamma and b e t a
40em is s io n  from K v;hich a r e  e - u a l ,  w i t h i n  e x p e r im e n ta l  
e r r o r .  The w e igh ted  mean o f  t h e  two r e s u l t s  g iv e s  
fo r  th e  gamma-beta r a t i o  a vsûLue of
0 .1 2 3  +  0 .0 0 3
Assuming th e  v a l i d i t y  o f  th e  commonly acccj^ted deca^"
40scheme o f  h , a  scheme which i s  g iv e n  added w e ig h t  by
new c o in c id e n c e  measurements ,  t h e  t r u e  e l e c t r o n40
c a p t u r e - b e t a  aecay r a t i o  f o r  h must be g r e a t e r  thsi^ or
equa l  to  (0 . 123+0 . 003) .  This a l lo w s  f o r  th e  p o s s i b i l i t y  o f
^ .40some e le c t i 'o n  capuure  to  tne  ground s t a t e  o f  A ^
The energy  of  th e  gamma ra y  following ' th e  decay 
40o f  K i s  c o n f i m e d  to  be
1 . 4 6 ±  0 . 0 1  Mev.
40The t o t a l  h a l f - l i f e  of  the  K i s o t o p e  has been re -d e te rm in e c
to  be
9( 1 . 2 8 1 : 0 . 0 2 )  X 10 y e a r s .
Postagript Note:
I am informed privately  by Dr. Curran that the potassium-argon 
dating method was discussed at the Gordon Conference on Nuclear 
Chemistry held recently in  the U.S.A. Clear evidence of d iffu sion  of 
argon in  minerals has been obtained by the Pasadena team and the 
conclusion i s  that 12.1 to  12.4 % for the branching ra tio  of i s  
now p erfectly  compatible with mineral age work. The paper containing 
th is  information was read to the conference by G.J. Wasserburg.
This resu lt i s  very gratify in g , confirming, as i t  does, the work 
discussed here.
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2 j SCM5 LiaAbUarJiVlSKTS ON 'lUjr. bGn.TT-;ÜIKG OF WI.ECTIQNS FROM
■JjUMPTIUM .-J)ID 3T 3B L .
I n t r o d u c t i o n .
To reduce  to a minimum th e  s c a t t e r i n g  o f  e l e c t r o n s  
in  t h e  m a t e r i a l  on h ic h  a r a d i o - a c t i v e  soui‘ce i s  d e p o s i t e d  
i t  i s  o f t e n  th e  p r a c t i c e  to use a very  t i i in  f i l m  o f  a 
su us ta n c e  l i k e  n y lo n  v/hich contocins atoms o f  low a tom ic number. 
T h is  approach  cou ld  no t  be t a k e n  in  th e  fo re g o in g  exper im en ts
in  \.‘h i c h ,  to o b ta in  th e  b e i . e f i t s  o f  a t h i n  so u rce  w i th  a
i-easonabae c o u n t in g  r a t e ,  the  s map l e s  had to  cover a r e l a t i v e l y  
l a r g e  a r e a  on th e  w a l l  o f  uhe p r o p o r t i o n a l  c o u n te r .  B a c k s c a t te r -  
ing  o f  e l e c t r o n s  o u t  o f  t h e  w a l l  o f  th e  c o u n te r  w i l l  a f f e c t  th e
coun t ing  r a t e  to  an e x t e n t  which muet be d i s c o v e r e d .
p u b l i s h e d  d a t a  on t h e  b a c k s c a t t e r i n g  o f  e l e c t r o n s  i s  
n o t  v e ry  c o n s i s t e n t .  There i s  good r e a s o n  f o r  b e l i e v in g  
t h a t  t h i s  may be p a r t l y  due to  th e  d i f f e r e n t  g e o m e t r i c a l  
a r rang em en ts  o f  so u rce  and c o u n te r  in  ex p e r im en ts  i n  which 
e x t e r n a l  so u rc e s  were u sed ,  because o f  tiie a n i s o t r o p i c  
d i s t r i b u t i o n  o f  r e f l e c t e d  e l e c t r o n s  ( 1 - 4 ) .  There seems to  be 
g e n e r a l  agreem ent  t h a t  th e  i n t e n s i t y  o f  b a c k s c a t t e r i n g  
i n c r e a s e s  a s  th e  a tom ic  number of tne  Lacking mSvterial 
i n c r e a s e s  ( 1- 3 ) ,  $,ui^)and t h a t  th e  a n g u la r  d i s t r i b u t i o n  of  the  
b a c k s c a t t e r e d  r a d i a t i o n  changes .  There  i s  some doubt  about 
th e  ex a c t  v a r i a t i o n ,  i f  any, o f  th e  i n t e n s i t y  o f  o a c k s c a t t e r i n g
- 9 f -
w i th  t h e  energy o f  the  i n c i d e n t  b e t a  p a r t i c l e s .  This  
i s  e s p e c i a l l y  so in  th e  i n t e r m e d ia t e  ene rgy  ran g e  from 200 
Kev to  a b o u t  1 .5  Mev Vi/hich was o f  most im portance  -for th e  
work on n a t u r a l  r a d io - e l e m e n t s .  The b a c k s c a t t e r i n g  f a c t o r  
in  t h i s  energy ran ge  i s  sometimes s a id  t o  be c o n s t a n t  \1)  
w h i l e  o t h e r s  f i i i a  t h a t  i t  i n c r e a s e s  w i th  energy over  a t  l e a s t  
j ^ r t  o f  tne ra n g e  ( 2 , 5) ^nd y e t  o the i’s t h a t  i t  d e c r e a s e s  
w i th  in c r e a s in g  energy  o f  the  i n c i d e n t  e x e c t ro n s  07 ,B).  In 
how f a r  t n e se v a r i a t i o n s  a re  caused  by d i f f e r e n t /  g e o m e t r i c a l  
a 1-rangements i s  n o t  c l e a r .
The f i r s t  p o t a .  sium b ra n c h in g  r a t i o  exper im en t  requii*ed
an e x a c t  knov.ledge o f  tne  d i f f e r e n c e  in  t h e  amount o foO 40b a c k s c a t t e r i n g  s u f f e r e d  by t h e  b e ta  r a y s  from Co and K 
a t  the  s t e e l  w a l l s  o f  th e  p r o p o r t i o n a l  c o u n te r .  S ince th e  
l i t e r a t u r e  d id  n o t  c o n ta in  conv inc ing  d a t a  f o r  the 2 re coun t i i^ '  
geometi’y employed in  t h e  p r o p o r t i o n a l  c o u n te r  ex p e r im en ts ,  i t  
was f e l t  b e s t  to  make some measurements o f  th e  b a c k s c a t t e r i n g  
pnenomeaxon u s ing  a s  s i m i l a r  a g e o m e t r i c a l  a rrangem ent  as  
p o s s i o l e .
The s im p le s t  and q u i c k e s t  way o f  o b t a i n i n g  r e s u l t s  
i s  to  d e p o s i t  tn e  so u rce  on a t h i n  ny lon  f i l m ,  which in  
i t s e l f  causes  n e g l i g i u l e  b a c k s c a t t e r i i i g , and to ta k e  
co u n t in g  r a t e s  Vi/ith, and i t h o u t  m e ta l  f o i l s  p la c e d  behind 
tn e  so u rce .  The a d d i t i o n  o f  a tn in / .  f i l m  of ny lon  between
- lOO-
th e  so u rce  and b a c k s c a t t e r e r  makes th e  a r rangem ent6c 40d i f f e r e n t  from the  p r a c t i c a l  ca se  in  which Go and K 
were d e p o s i t e d  d i r e c t l y  on t h e  m t t a l  l i n i n g  of  th e  c o u n te r .  i  
Some e x p e r im e n te r s  (2 ,8 )  quo te  ev idence  which seems to  
s u g g e s t  t h a t  t h e  p re sence  o f  a t h i n  n o n -c o n d u c t in g  f i lm  
c o n s i d e r a o l y  re d u c e s  the  b a c k s c a t t e r i n g  from m e ta l .
i n i s  i s  an f u p o r t a n t  p o i i i t  wnich s t r i k e s  a t  tne b a s i s  of  
alxiiost a l l  p re v io u s  measui'ements o f  tlie o a c k s c a t t e r i i ^  
o f  e lec t ro ix S ,  b u t ,  so f a r  a s  th e  a u tn o r  i s  av^are, nas  
never  been r ^  orously ex^miineu. To i n v e s t i g a t e  t h i s  m a t t e r  
some m easurements  o f  b a c k s c a t t e r i n g  \ ;e re  made u s in g  th e  
n y lon  f i l m  te c h n iq u e  and r e p e a t e d  vmth t h e  s o u rc e s  
d e p o s i t e d  d i r e c t l y  on the  m e ta l  s c c ^ t te re r s .  Tne main 
d i f f i c u l t y  en co u n te red  in  making s c a t t e r i n g  measurements  on 
s o u rc e s  d e p o s i t e d  d i r e c t l y  on th e  m e ta l  a r i s e s  from th e  
n e c e s s i t y  of  hav ing  a comparison so u rce  on ny lo n  vji th
ze ro  b a c k s c a t t e r i n g .  To p e rm i t  t i e  smount o f  b a c k s c a t t e r i n g  
t o  be c a l c u l a t e d ,  th e  a b s o lu t e  d i s i n t e g r a t i o n  r a t e  o f  each 
sou rce  must ae known, o r ,  a t  t h e  l e a s t ,  t h e  r a t i o  o f  the  
absoXUt e  d i s i n t e g r a t i o n  r a t e s  i s  r e q u i r e d .  A quick  and 
a c c u r a t e  method o f  m e a s u / r i i g  t h e  r e l a t i v e  s t r e n g t h s  
o f  th e  s o u rc e s  was evo lved  and w i l l  be d e s c r i o e d  l a t e r .
In no way waS tne  i n v e s t i g a t i o n  meant t o  be an • 
e x h a u s t iv e  s tudy  o f  the  ÿx&x&x pro blem, but WaS u n d e r ta k e n
- 1 0 1 -
p r i i u a r i l y  to  o o ta i i i  a co i 'p ec t io n  to  be a p p l i e d  to  t h e  b e ta
40c o u n t in g  r a t e s  in  th e  K b ranch in g  r a t i o  ex p e r im e n t .  With
th e  e x c e p t io n  o f  a fev; measurements on th e  o a c k s c a t t e r i n g
o f  p o s i t r o n s  only  proolenis r e l a t i n g  d i r e c t l y  to  a
d e t e r m i n a t i o n  o f  uhe o a c ^ v S C a t t e r in g  to  be exp ec ted  o f  oO 40
Co and K b e ta  r a y s  were c o n s id e r e d .  But e l e c t r o n  s c a t t e r i n g  
i s  an L i iportan t  t o p i c  in  i t s  own r i g h t  an d ,  a l th o u g h  the  
i n v e s t i g a t i o n  i s  r a t h e r  o u t  o f  th e  main s t r e a m  o f  th e  work 
covered  in  t h i s  t n e s i o , th e  problems s e emeu to  m e r i t  a 
more d e t a i l e d  t r e a tm e n t  th a n  cou ld  be g i v e n  in  a p a s s i rg  
r e f e r e n c e  du r in g  th e  d i s c u s s i o n  o f  th e  b ranch ing  r a t i o  
expcrL iie i i ts .
Only ' s a t u r a t i o n ’ back sea  t t e i ' i n ^  from t h i c k  s h e e t s  
of m e ta l  i s  c o n s id e r e d ,  because  t h i s  i s  th e  o n ly  case o f  
i n t e r e s t  f o r  the  p r o p o r t i o n a l  co u n te r  i n v e s t i g a t i o n s  o f  tn e  
n a t u r a l  r a d io - e l e m e n t s .
S:Cr.iRIMBITT^ ABHUMGEliKBT AM) IROCEDUBE ( F i r s t  Method) .
The a p p a r a tu s ,  v h ic h  i s  sk e tch e d  in  F ig .  25, was 
v e ry  s i m i l a r  to  t h a t  u sea  by B ..Ifour (o) who i n v e s t i g a t e d  
th e  s c a t t e r i n g  o f  r a th e i '  lower energy e l e c t r o n s  th an  a r e  
o f  i n t e r e s t n e i * e . I t  c o n s i s t e d  o f  a l a r g e  ( i4 c m .d ia m e te r )  
p r o p o r t i o n a l  coun te r  w i th  th e  a a a i t i o n  o f  a l a r g e  s i a e
0 5 4aO
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MAXIMUM BETA ENERGY IN MEV
FIG.26 .  EMPIRICAL BACKSCATTERING FACTORS
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chcjaber. A 1*‘ diaiiiet.er h o le  in  ü ie  c y l i n d r i c a l  w a l l  o f  t h e  
tu b e  op en eu inuo tne  s i a e  chmnber. Over th e  h o le  in  "the ' 
c o u n te r  could  be j j laced t h i n  aluminium' s h e e t  w i th  a 
d i a m e te r  h o le  a c ro s s  which was s t r e t c h e d  a ny lon  f i l m  c a r r y i n g  
a r a d io - c t c t iv e  so u rce .  The whole arrang"ernent was so c o n s t r u c t e d  
t h a t ,  in  so f a r  as the s e n s i t i v e  volume o f  the  main- c o u n te r  
was concerned ,  the  source  was e f f e c t i v e l y  on i t s  c y l i n d r i c a l  w a l l
The s id e  chamber was l a rg e  so t i ia t  e l e c t r o n s  escap/.ing: th ro u g h
th e  ny lon  beh ind  the  source  had n e g l i g i b l e  c h a a c v  o f  r e ­
e n t e r i n g  th e  c o u n te r  u f t e r  s c a t t e r i n g  a t  tnu w a l l s  o f  th e  
siuc;-chamber. I n  t h i s  way i t  i s  ^.^ossible to  hc-.ve a source  
excatined under 2 tr s o l i d  cingle c o n d i t i o n s  and s u p p o r te d  on 
c^ n ex t rem e ly  t h i n  be.eking:. b ince  die g a s  p r e s s u r e s  were 
equa l  on each s i d e  o f  t h e  f i lm  no s t r e s s e s  were imposed on 
the ny lon .  M eta l  ^mates could  be p laced  behind  tiie ny lon  t o  
a c t  cs  b a c k s c a t t e r e r s .  a c c e s s  cou la  be o b ta in e d  v i a  the  s id e  
cncmuer to  change soui*ces and b a c k s c a t t e r e r s .  T h is  j^revents  
u.ny d i s tu r b a n c e  o f  the countii ig  chamber i t s e l f .
The c o u n te r  was f . l l e d  w ith  15 cm. p r e s s u r e  o f  m ethane ,  :
th e  . r e s s u r e  and atomic niaiber being  k e p t  low to  redu ce  any
s c a t t e r i n g  in the  gas  im m edia te ly  behind the  so u rce  where t h e  
s o l i d  rn g le  fo r  r e - e n t r y  o f  the e l e c t r o n s  i n t o  the c o u n te r  
i s  l ^ r g e .  The energy r e s o l u t i o n  was r a t h e r  poor  bu t  s in c e  th e  
co u n te r  vvclS being used  p u re ly  as  a d e t e c t o r  o f  betci. r a y s  t h i s
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was o f  no im portance .  The edge of th e  8 Kev f l u o r e s c e n c e  
x - r a y  l i n e  o f  copper gave a s u f f i c i e n t l y  good ene rg y  c a l i b r a t ­
ion  to e n s u re  t h a t  t h e  co u n t in g  m easurements  were a lw ays  made 
a t  the Scuue l e v e l .  As in  th e  po tass iu m  b ran ch in g  r a t i o  
exp e r im en ts  c il l  e l e c t r o n s  w i tn  an energy  grec^ter  th an  200 e . v .  
were r e c o rd e d .  I n i s  j .e rm i ts  t h e  f i n d i n g s  to  be a p p l i e d  
d i r e c t l y  t o  tiie orajiching r a t i o  m easurem ents .
The ccuntei- was opened from th e  s id e  to  p e rm it  changes 
o f  source  o r  backing' and r e f i l l e d .  This  was c o n s id e r e d  
b e t t e r  th an  a mechcinical d ev ice  f o r  changing th e  b a c k i ig  
m e ta l  because th e  f o i l s  cou ld  be p la c e d  n a rd  a g a i n s t  
th e  ny lo n  s u p p o r t ,  s i m u la t i n g  27T s o l i d  a n g le  coverage  
as  c l o s e l y  as  p o s s i b l e .  T e s t s  w i th  th e  smne sou rce  showed 
t h a t  c o u n t in g  r a t e s  were r e p r o d u c i b l e  from one f i l l i n g  o f  
th e  c o u n te r  to  th e  n e x t .  E x p e r im en ta l  p r o o f  t h a t  the 
ny lon  f i lm  on which th e  so u rce  was d e p o s i t e d  d id  no t  
i t s e l f  cause  any apprecio^ble b a c k s c a t t e r i n g  o r  a b s o r p t i o n  
was o b t a i n e d ,  by r e v e r s i n g  th e  source  so t h a t  th e  ny lon  
lc.y be twee., tn e  so u rce  c.na the  s e n s i t i v e  volume o f  tne  
c o u n te r .  The chai^ge in  c o u n t in g  r a t e  on r e v e r s a l  o f  th e  
sou rce  was always l e s s  t h a n  1% *
Thus t h i s  f i r s t  s e r i e s  o f  ex p e r im e n ts  was c a r r i e d  
ou t  by p r e p a r in g  so u rc e s  of v a r i o u s  b e t a  e m i t t e r s  on a ny lo n  
f o i l ,  l e s s  th^n  IC^gm./cm^ t h i c k ,  and o o ta in in g  th e
1 0 4 -
apparexit a i  s i n t e g r a t i o n  r a t e  w i t h ,  and w i th o u t  t h i c k  m e t a l
b a c k in g s .  The b a c k s c a t t e r i n g  f a c t o r ,  d e f in e d  as
‘ i n c r e a s e  i n  countiik ,  r a t e  w i tn  b a c k s c a t t e r e r
coun t ing  r a t e  w i th o u t  b a c k s c a t t e r e r
was c a l c u l a t e d  f o r  each. S t e e l  and aluminium s c a t t e r e r s24 32
were u sea  w ith  so u rce s  o f  I'a (1 .39  Mev), ï  ( 1 . ?  Mev),bo  89 22Go ( 0 .305 Mev), Sr (1 .45  Mev) and Ka (0 .542  Mev p o s i t r o n s )
40bo cover the  req u i r e d  energy rang.e, s i n c e  K co u ld  no t  
i t s e l f  be t r e a t e d  because o f  itw low d i s i n t e g r a t i o n  r a t e . 
a n d - p o in t  e n e r g i e s  o f  the  b e ta  s p e c t r a  o f  th e  s o u rc e s  a r e  
g iv e n .
i :w-. :-:IMnIGrAL xHGCBDbka (Second Method).
This p ro c ed u re  was d e v is e d  t o  enaole  b a c k s c a t t e r i n g  
f a c t o r s  to  be o b ta in e d  when the  r a a i o - a c t i v e  u i a t e r i a l  was 
de^ .os i ted  d i r e c t l y  on th e  m e ta l  s c a t t e r i n g  f o i l s .  A f i r s t  
a t te m p t  was aimed a t  p roduc ing  so u rce s  o f  equal  a b s o l u t e  
d i s i n t e g r a t i o n  r a t e  on ny lo n  and on th e  m e ta l s  but t . . i s  
j^roved ex t re m e ly  d i f f i c u l t  and th e  r e q u i r e d  ac cu rac y  cou ld  
no t  be o b ta in e d .  I n s t e a d ,  a n o th e r  tecnr i ique  was d eve lop ed  in  
which the  r e l a t i v e  ‘ true*  s t r e n g t h s  o f  t h e  so u rce s  were 
mo n i t  or  ea by a gaiixma r a y  count v, h i  le  th e  b e ta  r a y  count 
gave * a p p a r e n t ‘ s t r e n g t h s . From th e se  th e  b a c k s c a t t e r i n g  
f a c t o r  cou ld  be c a l c u l a t e d .
Bet a - e m i t t i n g  so u rc e s  which a l s o  produced a  h ig h  
energy  gamma r a y  in  t h e i r  decay were cliosen. I f  t h e  energy 
o f  th e  gamma ray  i s  h ig h ,  g r e a t e r  th an  100 Kev, s a y ,  the  
r e s p o n s e  o f  th e  p r o p o r t i o n a l  c o u n te r  a t  th e  p r e s s u r e  and w i th  
the g as  used v i l l  be n e g l i g i b l e  and the  coun t ing  r a t e  v ; i l l  be 
caused  by tn e  b e t a  r a y s  on ly .  A pproxim ate ly  eq u a l  q u a n t i t i e s  
o f  s u i t a b l e  so u rce s  were d e p o s i t e d  on n y lo n ,  aluminium 
and s t e e l  and the  b e t a  coun t ing  r a t e s  observed .  The r e l a t i v e  
s t r e n g t h s  o f  the  s o u rc e s  were tn en  m o n i to red  by p la c i i jg  each ,  
in  t u r n ,  hi  an a b s o l u t e l y  f i x e d  p o s i t i o n  n e a r  a s im ple  
sodium io d id e  s c i n t i l l a t i o n  c o u n te r .  A few s u b s i d i a r y  
. ex p e r im en ts  proved t h a t ,  w i th  the  t h i c k n e s s  o f  m e t a l  u sed  
in  'uhe exp e r im en t ,  th e  gaimm. r a y  i n t e n s i t y  observed  in  
f r o n t  o f  th e  source  d id  n o t  depend on t h e  m e ta l  on which th e  
so u rce  was mounted. 22 24 60
Those s o u rc e s ,  ha  ha and Go vjhich v^ere used  i n  th e
f i r s t  s e r i e s  o f  e x p e r im e n ts ,  but  \ h i c h  were a l s o  s u i t a b l e  f o r  
the  second method, were t e s t e d .
hmbULTL) DlSCbbSIQh.
The f i r s t  r e s u l t  o f  the experiments \.as th a t  the  
backscattering; fa c to r s  did not depend on the method o f  
measurement/, whetner a i r e c t  or by the ga..ima m onitoring  
scheme. This c o n c lu s iv e ly  proves tn a t  the in s e r t io n  o f  a
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t h i n  o rg a n ic  f i l m  between the  so u rce  ana the  m e ta l  has  no 
e f f e c t  on the  b a c k s c a t t e r i n g .
The amount of  b a c k s c a t te r in g ;  p roduced  by a s t e e l  
p l a t e  v/as found to be in dep end en t  o f  ene rgy  in  the  range o f  
energy cove red  in  th e s e  e x p e r im e n ts .  The r e s u l t  o f  ave raged  
measurementV- of  che b a c k s c a t t e r i n g  f a c t o r  a r e  shown in  
r i g .  26 I'.here th e  a b s c i s s a e  r e p r e s e n t  th e  maximum energy  
of  the  b e ta  r a y s  from each so u rc e ,  on ave rage  i t  was founa t i ia t
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o f  th e  e l e c t i o n s  e n t e r in g  a t u i c k  s t e e l  su^^port a r e  r e f l e c t e d  
back i n t o  a 2rt  s o l i d  an g ' le . This  means t h a t  b a c k s c a t t e r i n g  
Can be n e g l e c t e d  in  t h e  p o ta s s iu m  b ranch ing  r a t i o  ex pe r im en ts  
s in c e  only  t h e  r a t i o  o f  th e  i n t e n s i t i e s  o f  th e  b e t a  em iss io n  
from each source  i s  r e  u - r e d .
For aluminium the a v e ra g e  b a c k s c a t t e r i n g  f a c to .w a s  
found to  be
C .3 5 ^ 0 .03
a l th o u g h  in  t h i s  case  t h e r e  i s  a l i g h t  ev iae n ce  f o r  a slow
i n c r e a s e  in  th e  cmount o f  backsc '  t t e r i n g  as  th e  eneggy o f  th e
b e ta  r a y s  i n c r e a s e s .
For both  s t e e l  and a l iw in iu m  and in  bo th  methods o f
m easur ing  m.c b a c k s c a t t e r i n g  f a c t o r ,  che pocitron e m i t t e r  
22a a  gave a s l i g h t l y  lower v ^ lu e .  The d i f f e r e n c e  amounted 
to  abo u t  a 5k r e d u c t io n  in  th e  amount o f  b ac k aC aC te r in g .
C e r t a i n l y  t h e r e  was no ev idence  to  su p p o r t  th e  f i n d i n g s  
o f  S e l i g e r  ( j , 9 ) who r e p o r t e d  p o s i t r o n  b a c k s c a t t e r i n g  
f a c t o r s  which were about  3 0 k l e s s  th a n  f o r  e l e c t r o n s .
F ig .  26 a l s o  shows some v a l u e s  o b ta in e d  by othei* 
w ork e rs .  In  g e n e r a l ,  t h e  agreement i s  f a i r l y  c l o s e  f o r  
üacksCaCterii ig  from s t e e l ,  out t h e r e  i s  a ten d en cy  f o r  t n e  
amount o f  b a c k s c a t t e r i n g  measured by o t h e r s  to  f a l l  o f f  
v / i th  en e rg y ,  a s  shown, no measurements  on g e o m e t r i e s  
w i th  t e s s  th a n  2 tt  s o l i d  ac c e p ta n c e  a n g le  were a t t e m p te d  he re
C O I T C L U d l G N S .
A b r i e f  i n v e s t i g a t i o n  o f  b a c k s c a t t e r i n g  showed t h a t  th e  
i n t e n s i t y  o f  b a c k s c a t t e r i n g  from s t e e l  aoes  n o t  depend on 
th e  energy  of  t h e  i n c i d e n t  e_ .ectrons in  th e  energy ran g e  
i n v e s t i g a t e d .  A s l i g h t  i n c r e a s e  w i th  energy  i s  p o s s i b l e  in 
the  a^iiount o f  s c a t t e r i r g  o b ta in e d  from aluminitun. The 
i n t r o d u c t i o n  of  a t h i n  f i lm  o f  o rg a n ic  m a t e r i a l  between 
a r a d i o - a c t i v e  so u rce  and th e  m e t a l l i c  s c a t t e r e r  does  no t  
a f i e c t  th e  a.:iount of  b a c k s c a t t e r i n g  from the  m e ta l  in  bo a 
2ir  s o l i a  ^n g le .  B a c k s c a t t e r i n g  o f  p o s i t r o n s  i s  
a p p a r e n t l y  s l i ^ n t l y  l e s s  t h a n  fo r  e l e c t r o n s .
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8 . SOME CChCLIjLIKG ÎUiMAuKS Oh rhOBLEMS hÈCOtÉSWÊD IN THhi
^QRLGOJG itORK ON NaTUEAL RADIOACTIVITY. n,
T h is  conc lud ing  c h a p te r  c o n ta in s  a  b r i e f  suniiïiary of  
th e  main r e s u l t s  o f  th e  expe r im en ts  d i s c u s s e d  p r e v i o u s l y  and 
some th o u g h ts  on th e  problems encounte-'^ed in  t h e  work on th e  
n a t u r a l  r a d i o - e l e m e n t s .
150I t  i s  now c e r t a i n  t h a t  Nd i s  s t a b l e .  The ab sence  o f  
b e t a  r a y s  and c o n s i d e . a t i o n s  based  on r e c e n t  mass15c 150measurt-ments o f  nd and bm l e a d  to  t h i s  c o n c l u s i o n ,  which 
i s  n o t  in  c o n f l i c t  w i th  any nucleai* s t a b i l i t y  r u l e .  I r o b a b ly  
the a c t i v i t y  r e p o r t e d  in  some o f  th e  e a r l i e r  i n v e s t i g a t i o n s  
Bas caused  by r a d i o - a c t i v e  im ^ ju r i t ie s  i n  th e  s a m p le s .176B eta  decay in  Lu , fo l lo w ed  by th e  e m iss io n  o f  t n r e e  
gaiiima r a y s  in  caScade^ has  be en co n f irm ed .  In  a d d i t i o n ,  
ev id en ce  f o r  an e l e c t r o n  c a p tu r e  b ranch  o f  th e  d ecay  has  been 
o b se rv ed .  This i s  to  be exp ec ted  f r o m . . s t a b i l i t y  c r i t e r i a ,
176 176because  both  Kf and Yb l i e  w i t h i n  th e  b e t a  s t a b i l i t y  
l i m i t s  f o r  even-A, even-S n u c l e i .  The s u s p e c te d  o cc u rren c e  
o f  gamma ra y s  in  th e  e l e c t r o n  c a p tu r e  branch i s  to  be 
exj_ected both  from be ta  decay t h e o r y  and from th e  Bohr- 
M o t te l so n  n u c l e a r  s h e l l  t h e o r y .  T h e i r  p re se n ce  i s  r e q u i r e d  
to speed th e  e l e c t r o n  caa.ture  t i ' a n s i t i o n  because  o f  th e
176h i^ h  S f in  o f  the  Lu grouna  s t a t e ,  and t h e i r  p re se n c e
176i s  l i k e l y  because  Yb l i e s  w i t h i n  t h e  g ro u p  of  e lem en ts
to  which  th e  Bohr-M011e 1s 0n th e o ry  e s p e c i a l l y  a p p l i e s ,
cLiid lo w - ly in g  r o t a t i o n a l  s t a t e s  a r e  p r e d i c t e d  f o r  such
n u c l e i .  The o bse rved  i n t e n s i t y  o f  th e  e l e c t r o n  c a p t u r e
t r a n s i t i o n  l i e s  w i th in  th e  l i m i t  proposed, by Anoold. (1)
from h i s  i n v e s t i g a t i o n  o f  th e  ga^wa r ^ y s . I n  th e  p r e s e n t
experiii ient re l i -cnce  f o r  tn e  e l e c t r o n  Cap cure branch has
been p la c e d  uininuy on j^ ro p o r t io n a l  cou i i te r  measurements  \^here
t h e  geom etry  o f  uhe sou rce  i s  w e l l  d e f in e d  ana  t h i n  so u rc e s
ai-e ^ O c s ib le .  Even s o ,  th e  e s t i m a t e  o f  th e  b ran ch in g  r a t i o
o f  t h e  decay t e n d s  to  be r a t h e r  s e n s i t i v e  to  s p e c i f i c
assuiiip tions ab ou t  th e  i n t e n s i t y  o f  b a c k s c a t t e r in g ,  h o t  only
o f  th e  b e ta  r a y s ,  b u t  a l s o  o f  th e  r a t n e r  low energy
i n t e r n a l  L -c o n v e rs io n  e l e c t r o n s .  F o r t h i s  r e a s o ni
d i s c r i m i n a t i o n  b e tv een  t h e  two b ranch es  of  th e  decay 
in  a 4 IT co u n t in g  geom etry  would be d e s i r a b l e ,  as p roposed  
e a r l i e r .  A s i m i l a r  type  o f  expei*iment would p ro b a b ly  g iv e  
a b e t t e r  in d ic c . t io n  o f  the  . hape o f  the b e t a  spec trum  th a n  
cou ld  be o b ta in e d  in  th e  2TT geom etry  where d i s t o r t i o n  i s  
i n t ro d u c e d  by th e  o t h e r  p ro d u c ts  o f  aecay .
187 187The f a i l u r e  to d e t e c t  r a d i o - a c t i v i t y  in  the  He -  Os
group  r a i s e s  i n t e r e s t i n g  p o s s i b i l i t i e s .  The rcCBnt
187ditcove.i*y o f  r a d io g e n ic  Os in  rhenium m in e r a l s  (2)
187co n f irm s  th e  s t a b i l i t y  of  Os , as o b se rv e d ,  bu t  e q u a l ly
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187I m p l i e s  i n s t a b i l i t y  in  Re , i n s t a b i l i t y  v.hich co u ld  n o t
be found i n  th e  p r o p o r t i o n a l  c o u n te r .  C e r t a i n l y ,  t h e  e a r l i e r
s u g g e s t i o n s  (3-5) f o r  a 43 Kev t r a n s i t i o n  a r e  c a n p l e t e l y
j-uled o u t .  I t  seems p o s s i b l e  t h a t  L ibby  and co -v ;o rkers ,187who were r e s p o n s i b l e  f o r  the  xmin work on He , m igh t  have
ru n  i n t o  t r o u b l e  w i th  r a d i o - a c t i v e  cont^m iinat ion  i n  th e
a os orb ing  f o i l s  which were u s e d  to  measure th e  energy o f  t h e
supposed  r a d i a t i o n .  Ind eed ,  t h i s  much i s  su g g e s te d  in  a
r e c e n t  paj^.er (d) which px’oposes  an 8 Lev t r a n s i t i o n  energy  
187f o r  He . This  mt.y s t i l l  be s u s p e c t  on th e  g ro u n d s  t h a t  
-luminiiim ab so rb in g  f o i l s  were u sed .  According t o  
ey.i^ei'ience g u in e a  in  the  p r e s e n t  W'Ork, aluminium i s  a 
dangerous  m e ta l  t o  u se  in  low a c t i v i t y  work, because  o f  th e  
p o s s i b l e  occu r ren ce  o f  a s l i g h t  v a r i a b l e  a c t i v i t y  in  th e  
m e ta l .  The absence  o f  any d e t e c t a b l e  b e ta  em iss ion  from187
Re when examined in  th e  p r o p o r t i o n a l  c o u n te r  s u g g e s t s  a 
v e ry  low energy  t r a n s i t i o n .  E x a c t ly  how low th e  energy  i s ,  
i s  d i f f i c u l t  to  s a y , because  o f  the  s u s p e c te d  poor o p e r a t i o n  
o f  a p r o p o r t i o n a l  c o u n te r  when r e q u i r e d  to  measure lov; ene rgy  
e m is s io n s  from vjal l-m ounted  s o l i d  s o u r c e s .  However, i t  
seems u n l i k e l y  t h a t  t h e  energy  can exceed 1 Kev ( t h e  lov;er 
l i m i t  o f  tn e  p r o p o r t i o n a l  c o u n te r  m easurem ents)  because 
even i f  th e  e f f i c i e n c y  o f  the  co u n te r  f e l r  o f f  a t  low 
e n e r g i e s ,  q u i t e  a sm n l l  f r a c t i o n  o f  th e  e x p e c te d  d i s i n t e g r a t i o n
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r a t e  shou ld  have been e a s i l y  c ie tec tea  above background. The187
o c c u r re n c e  o f  r a d io g e n ic  Os in  g e o l o g i c a l  d e j^os i ts  im p l ie s
187 11t h a t  th e  h a l f - l i f e  o f  He does n o t  exceed, s a y ,  10 y e a r s ,  
wince tn e  t r a n s i t i o n  i s  o b v io u s ly  o f  v e ry  low energy  i t 11c nno t  be h ig h ly  fo rb id d e n  to  have a h a l f - l i f e  a s  low as" 10 yea rd  
This su j^orts th e  p r o g o / s a l ,  based  on n u c le a r  s h e l l  t h e o r y
187ana confi'-uied oy r e c e n t  measurement o f  th e  s p in  o f  Os , t h a t  
th e  t r a n s i t i o n  i s  o n ly  l i i m t  fo ro id d e n  w i tn  a s p i n  cn_.%ige 
o f  2.
he G entry ,  lii  c r a e r  to  e x p l a i n  why g e o l o g i c a l  c^ges Oase>:
87 87on thu  _:b - S r  t r a n s i t i o . i ^  t e n a  to  be n ig h ,  Kohman (7 )
87  87h as  s u g g e s te d  t h a t  th e  Kb -S r  t r a n s i t i o n  may be speeded
jy  th e  uno use rv ea  p ro c e s s  o f  'bound* b e ta  decay .  Th is  ^ ro c e s s
i s  p roposed  to  in v o lv e  c i 'e c t io n  of tne  e lec tx 'on  d i r e c t l y
i n t o  an  atomic o r b i t a l  o f  the  d i s i n t e g r a t i n g  atom and  th e
removal o f  v i r t u a l l y  a l l  o f  th e  d i s i n t e g r a t i o n  en e rgy
by th e  n e u t i l n o .  T h e o r e t i c a l  t r e a tm e n t s  o f  th e  p ro c e s s
have been g iv e n  (8 -14)  b u t  th e  c a l c u l a t i o n s  have been made
o n ly  f o r  a l low ed  t r a n s i t i o n s  and ao n o t  g iv e  any agreement
on th e  q u a n t i ta t iv e  im portance  o f  t h e  p r o c e s s . However,
t h e r e  i s  g e n e r a l  agreem ent  t h a t  i t  should  be more h i  or t a n t  
fo r  e le m e n t s  a n d  low tr&ns%t#on e n e r g ie s  a n d  vnajj b e  m orei n  f o r o i a d e n  t r a n s i t i o n s .  . .hus , i f  t h i s  ^.rocess Cc.n oe %^ Y>ortowk
^ .resen t  i n  s u f f i c i e n t  deg ree  to  ex. l a i n  tne  o i f i i c u a t i e s  
en c o u n te re d  in  sti 'ontiumi geocnronom etiy  i t  cou ld  oe th e
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187predom inant  mode o f  aecay  in  He where E i s  h ig h  and the  
t r a n s i t i o n  energy  v e ry  low. C e r t a i n l y ,  to  i n v e s t i g a t e  
th e  m a t t e r  f u r t h e r ,  s p e c i a l  t e c h n ic u e s  w i l l  be r e q u i r e d  w i th
187 ^He s in c e  i t  has by f a r  the  lo w es t  ene rgy  o f  any known
b e ta  e m i t t e r .  I t  does n o t  seem l i k e l y  t h a t  th e  decay can be
a d e q u a te ly  ex.-uained from o th e r  th a n  a gaseo u s  s o u rc e .  I f
unobservablebound b e t a  t r a n s i t i o n s  a r e  t r u l M ^ voo. , t h a t  i s ,  i f  th e
n e u t r i n o  c a r r i e s  o f f  ex cess  energy and no pnotons  a re
em iuted  w i tn  n ig h  enougih energy to  be d e t e c t e d  in  tne
c o u n te r ,  th e n  une d e c i s i o n  wheune. or h o t  tu e  p ro c e s s  i s
18?ever  h i p o r t a n t  may ^ /e r i  n in g e  on th e  aecay  o f  He where 
c o n d i t i o n s  f o r  i t s  o cc u rren c e  a r e  most f a v o u r a b l e . C a re fu l  
g e o l o g i c a l  d e t e r m i n a t i o n s  cou id  p ro v id e  an es t in n - te  o f187une h a l l - l i f e  o f  He to  compare w i tn  - fu tu re  n u c l e a r  
couiatlng e x p e r im e n ts . 40The b ranch ing  r a t i o  o f  K i s  g r e a t e r  th a n ,  or e q u a l
to  the  gaiU^a-beta r a t i o  i n ich  has  been founa to  be 0 . 123+0.003
in  the  p r e s e n t  i n v e s t i g a t i o n .  This  f i g u r e  has been
conf irm ed by o t h e r  ao^k p u b l i s h e c  v e ry  I ' e c e n t ly  (15) and i s
c o n s id e r a b ly  in  excess  o f  th e  b e s t  g e o l o g i c a l  e s t im a te s  to
*daue. The d i s c r e p a n c y  r r o b a . r y  a r i s e s  in  the  d i f f i c u l t i e s  
en co u n te red  i n  the  g e o p h y s ic a l  measui'emenbs or  in  l o s s  o f  
argon oy u i i f u s i o n  froui the  mii:e: a l s  tn ro u g n o u t  g e o l o g i c a l  
t im e .  i t  doe& n o t ,  any aongciq ap^„eax* pOSsio ie  to blaire 
^  Probakl] cKiftts. S ee  not« on,
measuremerits o f  the  gcuxLua ray  ém iss io n  f o r  th e  d i f f e r e n c e ,  s in c e
r e c e n t  work i s  f a i r l y  c o n s i s t e n t .  In  com ple te  ab sen ce
o f  any r e a s o n  fo r  b e l i e v i n g  t h a t  tiie gemma i n t e n s i t y
sh o u ld  n o t  be a good i n d i c a t i o n  o f  the  r a t e  o f  decay by
e l e c t r o n  c a p tu r e ,  we must t h e r e f o r e  assume t h a t  th e  r a t e  o f
4C 40t r a n s i t i o n  o f  K t o  h i s  known. Thus, i f  t h e  p h y s i c a l  
orcUiching r a t i o  i s  a t  f a u l t  i t  m u s t  be due to  a  wrong 
V a lu e  01 the  b e t a  a e c a y  c o n s t a n t ,  une m i g h t  c o n s i d e r
bounci o e t a  a e c a y  re  au c i n g  tn e  observed  v a lu e  o f  A
Puelow tne  t r u e  V a l u e  ana nence incx^eaSing th e  p n y s i c a l l y
a e te rm in e a  branchin^ r a t i o ,  a l th o u g h  any a p p r e c i a b l e40amount o f  bouna be ta  decay in  th e  t i a n s i t i o n  to  Ca seems 
u n l j -ke ly ,  in  view o f  th e  h igh  energy  r e l e a s e d  i n  th e  
t r a n s i t i o n  and tne  row a tom ic  nmaber o f  tn e  decay ing  
n u c l e u s ,  rlowevex*, the  measured v ^ iu e  o f  A i s  a l s o  
r e q u i r e d  to o b t a in  the  b ranching  r a t i o  in  th e  g e o l o g i c a l  
ex p e r im en ts  ana  i t  can r e a d i l y  be shown t h a t  i f  X i s  
i n c r e a s e d  (and th e  p h y s i c a l  b ran ch in g  r a t i o  d e c re a s e d )  th e  
g e o l o g i c a l  branchii^g r a t i o  w i l l  a l s o  d e c r e a s e  an a  a t  a 
f a s t e r  r a t e  th an  t h e  p h y s i c a l  r a t i o .  In  f a c t ,  i f  X i s  to  
be a d j u s t e d  to  br ing  th e  two b ran ch in g  r a t i o s  i n t o  
agreement i t  w i l l  have to  be d e c re a s e d  to a b o u t  a t h i r d  o f  
i t s  d e te rm in ed  v a lu e .  In  o th e r  w ords ,  abo u t  t h r e e  t i i e s
tn e  t r u e  be ta  decay r a t e  o f  K4Ghas  always been o bse rved
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e x p e r i m e n ta l ly .  Th is  i s  in c o n c e iv a b le  and i t  seems much 
more l i k e l y  t h a t  tne e r r o r s  a r i s e  in  the  g e o l o g i c a l  
d e t e r m i n a t i o n s .
40Thus in  th e  case  o f  tne  decay  o f  K th e  onus seems 
to  be on th e  g e o p h y s i c i s t s  to  check th e  v a l i d i t y  o f  t h e i r
f i g u r e s .  On t h e  n u c l e a r  s i d e  i t  would be u s e f u l  to  be a b le  to
m easure  th e  b ranch ing  r a t i o  d i r e c t l y ,  by ob se i ra t io n  o f  th e  
p ro d u c ts  o f  iZ -cap tu re .
In  c o n c lu s io n ,  t h e r e  a p p e a r s  to  be c o n s i d e r a b l e  scope
f o r  i n v e s t i g a t i n g  some o f  th e  n a t u r a l  r a d io - e l e m e n t s
as g a s e s  in  a p r o p o r r i o n a l  c o u n te r  in  o r d e r  to  o b ta in  more
a c c u r a t e  in f o r m a t io n  a t  low e n e r g i e s .  T n is  i s  e s p e c i a l l y187 40the. co.se o f  He and K
The a c t i o n  o f  a p r o p o r t i o n a l  c o u n te r  a t  low e n e r g i e s
a l s o  r e q u i r e s  in v es t ig o t i .m ' i .  I t  seems p o s s i b l e  t h a t  the 
d i f f i c u l t y  may a r i s e  b e c a u s e , v.hen w al i -m oun teo  s o u rc e s  
a r e  used ,  t . .e i n L i a l  i o n i s a t i o n  t a k e s  p la c e  c lo s e  t o  t h e  w a l l  
o f  t h e  co u n te r  f o r  low energy  r a d i a t i o n s .  Under t h e s e  
c i rc u m s ta n c e s  n e g a t i v e  io n  fo rm a t io n  in  t h e  g a s  may be 
im p o r t a n t .  I t  i s  known from some t e s t s  made in  t h e  p r e s e n t  
work t h a t  v.hen c e r t a i n  o rg a n ic  vapours  a r e  p r e s e n t  in  sm a l l  
q u a n t i t y  in  th e  c o u n te r ,  n e g a t iv e  ion fo rm a t io n  causes  s e v e re  
d i s t o r t i o n  o f  th e  spec trum  o f  x - r a y  l i n e s ,  even when th e  
ene rgy  i s  a s  h igh  as  20 Kev and th e  p r im ary  i o n i s a t i o n  t a k e s  
p l a c e  tnrOc.^hout th e  whole volume o f  t h e  c o u n te r .  I t  i s
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p o s s i b l e  t h a t  sm a l l  amounts o f  i m p u r i t i e s  i n  th e  normal 
c o u n t e r  g a s e s  may c a p tu r e  e l e c t r o n s  r e a d i l y  enough to  cause 
d i s t o r t i o n  of th e  o u tp u t  when th e  p r im ary  io ns  a r e  few 
and in  r e g io n s  o f  low f i e l d  s t r e n g t h  f a r  from th e  c o l l e c t i n g  
w i r e .
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